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[57] ABSTRACT
An automatic pipetting apparatus is disclosed having a

base on which is mounted a vertical frame supporting a
- row of posttive displacement pipettes which are driven
in the up or down direction by an electromechanical

mechanism under microprocessor controls. The appara-
tus includes a base, a track and a carriage longitudinally
movable beneath the row of pipettes. The carriage in-

cludes an independent translating and position signal

generation mechanism. The carriage carries a tray
which includes sample chambers, a space to receive a
microporous electrophoresis support medium, suchasa

- cellulose acetate strip, a wash well, rinse well and a
- space to receive blotting paper. The pipettes include a
- barrel and a plunger capable of aspirating and dispens-
 ing from 0.5 to 5 ul of liquid. The barrels move up and
down with respect to the base by means of another

independent translating and signal generating mecha-

~nism. The barrels may be easily replaced from the
mechanism if they become damaged or worn from

many operating cycles. The apparatus under micro-

- processor program control, washes, rinses, blots the

barrels before and after each application or engagement

- of the barrels with a liquid or contaminant.

32 Claims, 10 Drawing Sheets
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~ AUTOMATIC PIPETTING APPARATUS

~ This application is a eontinuation of application Ser.
No. 853,201, filed Apr. 17 1986, now abandoned |

BACKGROUND OF THE INVENTION
1 Field of the Invention

4,827,780
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Another disadvantage of the prior art is that there has

- been no means for precisely automatically applying a

very small amount—of the order of one micro liter of
sample liquid—to a support medium. _
~ Another disadvantage of the priot art is that there has

- been no means for precisely automatically diluting a

very small amount—of the order of one micro liter—of

| sample fluid with a diluting liquid, and precisely apply-

‘This invention is related in general to the field of

~ applying fluid samples to analysis strips. In particular, 10
this invention relates to an automatic plpettmg appara-

tus for applying multiple fluid samples to a microporous
- support medium such as a cellulose acetate or agarose
- strip which may be used in the field of zone electropho-

- resis and with other separation techniques including the

15

- field of thin layer chromatography. Zone electrophore-

sis 1s the science of moving charged particles in an elec-
“tric field through a solid or semi-solid medium. The
technique is most commonly used in medical research
- and medical laboratories for analyzing various blood
proteins.
2. Description of the Prior Art
In the electrophoresis technique, a blood or other
fluid sample is applied to a support medium which is
- then subjected to an electric field so as to separate the
- components of the sample. The support media used in
the electrophoresis process includes cellulose acetate,
agar, agarose and acrylamide gels. In laboratory work it

1s desirable that a plurality of samples be applied to the |,

- support medium such that each of the samples may be

o subjected to the electric field at the same time.

~ one at a time in serial fashion with a hand pipetter, but
the hand pipetter must be rinsed with a cleansing agent
- and blotted before a new sample 1s aspirated and then
applied to the strip. |

Applicators have been designed to apply ﬂuld sam-
| ples simultaneously or in “parallel” to the strips. Such
applicators are described at page 61 of the General

Products Catalog for 19841985 of Helena Laboratories
with offices in Beaumont, Tex. Such apphcaters may -

- apply eight, twelve or more samples to a microporous
support medium and have the advantage of making the
celectrophoresis technique easier and more reproducible.
The applicators known prior to this invention how-

ever have been essentially non-automatic applicators

- and required cleaning of the applicator tips after each
apphcatlon to the support medium. | |
Automatic dispensing systems are known in the prlor

~art. For example, a system sold under the trademark

“Well Washers” of BioTech Instruments, Inc. of Bur-

ing a very small amount of the diluted sample to a sup-
port medium.

IDENTIFICATION OF OBJECTS OF THE
INVENTION "

It is therefore a primary object of the invention to

provide an automatic pipetter apparatus for aspirating

from a plurality of sample chamber wells into a corre-

sponding plurality of pipetters and then applying such

samples precisely to a microporous support medium to

- be used in electrophoresis or thm layer chromatogra-

20

25

30

phy.

- It is a further object of the invention to provide an

automatic pipetting apparatus which not only aspirates
and dispenses sample fluids onto a support medium strip

~such as cellulose acetate or agarose, but also flushes,
cleanses, rinses and blots the tips of the barrels with an

appropriate cleaning fluid before and after each applica-
tion of the sample fluid to the support medium.
It is another object of the invention to provide an

~ automatic pipetting apparatus by which positive dis-

placement pipette barrels and plungers are controlled to

- precisely apply a very small sample of fluid to a support

The samples may be applied to the support medium ‘medrum.

It is another object of the invention to prowde auto-

~ matic pipetting apparatus for precisely automatically

35
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diluting a very small amount of sample fluid with a
diluting liquid and precisely applying a very small

amount of the diluted sample to the support medium.

'SUMMARY OF THE INVENTION

‘The objects 1dentified above as well as other advan-
tages and features of the invention are provided in an
automatic pipetting apparatus which generally includes
a base and a sample plate disposed on the base and a
pipette frame including a vertical support for support-
ing the frame from the base above the sample plate. The.
sample plate includes a row of individual liquid sample

~ chambers and a lateral application space longitudinally
- separated from the liquid chamber row. The lateral
- application space is adapted to receive a microporous

50

- lington, V1. provides an alignment mechanism by which

a row of eight or twelve barrels may be positioned
above one of a plurality of rows of washing vials or

. wells. Automation in the system provides selection of

dispensing fill volumes, soakmg times and number of
wash cycles. |

support medium. A mounting plate is carned by the

- pipette frame.

The apparatus includes translation means for effect-
ing relative longitudinal movement of the pipette frame

~and sample plate, and vertical translation means for

55

effecting relative vertical movement of the meuntmg

. plate and the sample plate.

None of the prior art however has prowded an appa- -

ratus for automatically filling a plurality of pipetters
from a respective plurality of fluid chambers and then
- precisely applying such fluid samples from each pipette
to a support medium. Another disadvantage of the prior
art systems is that there has been no means for automati-
cally washing and cleaning the barrels during each
cycle time so0 as to prevent contamination of each of the
- barrels during application of a new plurahty of fluid
| samPles to a new support medmm |

A plurality of microsyringe barrels are removably

'secured to the mounting plate. The barrels are spaced "

corresponding to the spacing of the liquid chambers of -
the sample plate. A plurality of micro-plungers are

-provided, one each movably dlsposed in one of the

~ barrels. A plunger translation means is provided for

65

~moving the plunger vertically within the barrels.

Signalling means are provided for generating longitu-
dinal signals representative of the relative longitudinal

- orientation of the pipette frame with respect to the
sample plate, for generating mounting plate signals rep-

resentative of the vertical orientation of the mounting
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plate relative to the sample plate and for generating
plunger signals representative of the orientation of the
plungers relative to the barrels. |

A programmed digital computer 1s provided respon-
sive to the longitudinal signals, the mounting plate sig-
nals and to the plunger signals for generating a sequence
of control signals to the longitudinal translation means,
to the vertical translation means and to the plunger

translation means to aspirate a predetermined amount of

liquid from the sample chambers into the respective
pipette barrels, and to apply the liquid samples in the
barrels onto corresponding spaces or “spots” on the

microporous support medium when placed on the lat-
eral application space of the sample plate.
One embodiment of the invention includes a base

having a track disposed longitudinally on it. A carriage

is longitudinally movably disposed on the track [means]

and carries a sample plate which is removably disposed
on the carriage. The carriage plate includes a lateral
row of individual liquid sample chambers and a lateral
application space which is longitudinally separated
from the liquid chamber row. The lateral application
space 1s adapted to receive a miCcroporous support me-
dium such as a cellulose acetate or agarose strip used in
electrophoresis or thin layer chromatography. |
A pipette assembly is mounted vertically on the base
above the carriage and the sample plate. The pipette
assembly includes vertical mounting posts separated
laterally from each other and secured to the base. A
mounting plate assembly is slidably guided by the posts
and is disposed laterally with respect to the sample
plate. - |
The mounting plate assembly includes a mounting
plate having slidable guides disposed about the posts. A

10

15

20

25

30

pipette bar is fixed to the mounting plate. A plurality of 35

microsyringe barrels are provided in a row on the pi-
pette bar with their heads secured thereto. The micro-
syringe barrels are spaced corresponding to the spacing
of the liquid chambers on the plate. The barrels are
hollow, each barrel having a lower tip.

A plunger bar is vertically movably disposed above
~ the tip bar and has a plurality of micro-plungers secured
thereto. Each of the micro-plungers are movably dis-
posed within a corresponding barrel of the mi-
crosyringes. A plunger actuator plate carried by the
mounting plate is vertically movable with respect to the
mounting plate. The actuator plate is removably se-
cured to the plunger bar.

Translation and signalling means are provided for
moving the carriage longitudinally forward and back-

‘'ward beneath the mounting plate assembly and generat-

ing carriage position signals indicative of the carriage
position. A translation and signalling means is provided
for moving the mounting plate assembly up and down
with respect to the base and generating mounting plate
position signals indicative of the mounting plate posi-

tion. A translation and signalling means for moving the

plunger bar up and down with respect to the mounting
plate and generating plunger bar position signals indica-
tive of the plunger bar position is provided.

A programmed microcomputer is provided respon-

sive to the carriage position signals, to the mounting

plate position signals, and to the plunger bar position
signals for generating a sequence of control signals to
the translation means for moving the carriage, the trans-
lation means for moving the mounting plate, and the
transiation means for moving the plunger bar so as to
aspirate a first predetermined amount of liquid from the

45

50

33
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sample chamber into the respective pipette barrels and
then to apply the liquid in each of the pipette barrels
onto corresponding spaces of the support medium when
placed on the lateral application space of the sample
plate. _

- The sample plate includes a wash well and waste well
longitudinally spaced form each other and from the
sample chamber. The programmed computer generates
a further sequence of control signals to the translation
means before aspirating liquid from the sample cham-
bers to draw a second predetermined amount of rinse
liquid from the wash well into the respective pipette
barrels and then to discharge that rinse liquid into the
waste well. |

The apparatus further provides the sample plate with
a longitudinal blotting space for applying a lateral blot-

~ ting paper strip where the blotting space is longitudi-

nally separated from the sample chamber row, the wash
well, the waste well and the lateral application space.
The programmed computer generates a further se-
quence of control signals to the translation means after
discharging the wash liquid into the waste well so as to
blot the lower tips of the barrel on the blotting paper
strip.

Preferably, the sample plate includes a raised portion
and a lower portion where the row of individual liquid
sample chambers and the wash well and the waste well
are disposed on the raised portion and the lateral appli-
cation space and the blotting space are disposed on the
lower portion.

The sample plate may include a row of liquid dilution
wells longitudinally spaced from the sample chambers.
The programmed computer includes a program, actu-
ated by a dilution signal, for automatically controlling
the apparatus for diluting the samples aspirated to the
microsyringe barrels with dilution fluid and mixing the
sample and dilution fluid in each of the dilution wells
before mixed diluted sample fluid is applied to the spots
of the support medium.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, advantages and features of the invention
will become more apparent by reference to the draw-
ings which are appended hereto and wherein like nu-
merals indicate like parts and wherein an illustrative
embodiment of the invention 1s shown, of which:

FIG. 1 shows a perspective view of one embodiment
of the automatic pipetting apparatus of the invention
with a sample plate secured thereto and its cover at-
tached;

FIG. 2 is a schematic illustration of the invention
showing the functional relationship between the sample
plate with its sample chambers, wash well, waste well
and a longitudinal application space with a microporous
support medium secured thereto beneath a pipette as-
sembly in which individual pipette barrels are moved as
a unit up and down and a plunger bar secured to plung-
ers which are moved up and down with respect to the
barrels; |

FIG. 2A schematically shows another embodiment o
the invention where the mounting plate includes two
stationary units and the pipette frame is longitudinally
movable with respect to the plate;

FIG. 2B is a perspective view of another embodiment
of the sample plate further including a row of dilution
wells;
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FIG 3 is a side view partlally cut away and in sectlon
'- Wlth the cover removed and taken from the view along
lines 3—3 of FIG. 1; - |

FIG.4isa cross-sectlon of the camage and the sam-
ple plate; |

FIG. 5 is a downward lookmg view along lines 5—5
- of FIG. 1 and shows the cross-section of the base at
level 5—§ and the track, carriage and sample plates
beneath the pipetting assembly, |

FIG. 6is a cross-sectional view taken along lines 6—6
. of FIG. § and shows the base, the carriage and sample

plate according to the invention and further shows the
translation and guiding means by which the track is
moved forward and backward with respect to the pipet-
ting assembly,

4 827 780
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| posuton detector circuits associated with the carriage,

15

FIG. 7 is a forward lookmg view taken along lines
7—7 of FIG. 3 and shows partially broken away, par-

tially cross-sectional parts of the pipette assembly slid-

ably mounted on posts secured to the base and including

a mounting plate which moves up and down with re-

20

~spect to the base and carrying a row of barrels of indi-
~ vidual pipettes and an actuator plate movable vertically
with respect to the mountmg plate for moving a plunger

- bar vertically for moving individual plungers w1th1n the
~ barrels of each of the plpettes |

25

FIG. 8 shows a top view of the p1pette assembly |
.showmg in dashed lines the mountmg plate of the pi-

‘pette assembly;

'FIG. 9 shows a cross-sectional view taken along lmes |

99 of FIG. 7 and illustrates the relationship between

~_the mounting plate having been translated to a lower

position but with the plunger bar remaining in an up-

“ward position whereby the tips of the pipetters are in a

B ~downward position, but the plungers are extended up-

wardly from each of the barrels of the pipettes;
_FIG. 11 1s a top cross-sectional view taken along lines

o 11—11 of FIG. 10 and illustrates the motor and rack -

the mounting plate and actuator plate and applying
translation signals to motors for positioning the car-
riage, the mountmg plate and the plunger actuator
plate; and

FIG. 17 is a funetlonal flow chart illustrating the

stored program in the microcomputer device for auto-
matically washing, blotting, sampling ‘and applymg |
samples to the support medium strip.

- DESCRIPTION OF THE INVENTION

FIG. 1 illustrates in a perspective view the automatic
pipetting apparatus 10 according to the invention. The
apparatus includes a base 12 on which a sample plate 16

is movably supported. The sample plate includes a

space 21 for securing a microporous support medium 20

such as a cellulose acetate or agarose strip used in the
-field of zone electrophoresis or other separation tech-

niques mcludmg the field of thin layer chromatography
A cover 14 is provided behind which a pipette head 18
is shown.

FIG.21s a schematlc illustration of the essential me-
chamcal elements of one embodiment of the invention
with the base and the cover removed. None of the

mounting apparatus is shown in FIG. 2 so as to simplify

the explanation of the relationship of the sample plate 16
to the pipette assembly 70. The translational means are

- shown in a functional way rather than in actual mechan-

30
~the mounting plate, the tip bar and the plunger bar and -
- the means by which the mountlng plate is moved up and

. _' - down with respect to the base;
- FIG. 10 is a similar view to that of FIG. 7 but shows

335

ical detail which will be shown in detail in the ﬁgures
and discussion below.

The sample plate 16 as shown mcludes a rOwW of sam-
ple chambers 24 as well as a wash well 26, rinse or
“waste” well 28 and a longitudinal space 21 on which a -
microporous support medium 20 is removably secured.
The sample chambers 24, the rinse well 28 and the wash

- well 26 are provided on raised portions 22 of the sample

and pinion system by which the mounting plate is -

moved up and down with respect to the base; -
FIG. 12 is a cross-sectional view taken along lines
| 12--12 of FIG. 10 and illustrates the relationship of the

mounting bar after it has been moved downwardly by

-~ the rack and pinion system by operation of the motor
turning with respect to. the frame mounted rack;

plate. If desired, a plastic cup may be provided in each
of sample chambers 24. A blotter space 32 between the
rinse well 28 and the sample chambers 24 is provided at

substantially the same vertical level 49 as the sample |

application Spaee 21 on which the support medium 20 is :

secured.

As ﬂlustrated in FIG 2, the various regions of the

B sample plate are longitudinally distinct, yet the lateral

45

spacings between the sample chambers 24 corresponds
to the appheatlon spots 19 on the support medium 20

- which is indicative of the fact that the barrels 92 of the

FIG. 13 is a view similar to that of FIGS. 7and 10 but

illustrates the plunger actuator plate and plunger bar

>0

moved downwardly with respect to the mounting plate

- thereby forcing the plungers associated with each of the

pipetters into their barrels and forcing any fluid previ-

- ously aspirated into the barrels out the tips of the bar-

 rels;
FIG. 14 shows a cross-sectional view taken along

- lines 14—14 of FIG. 13 and illustrates the rack and

"~ pinion system by which the actuator plate and the

- plunger bar secured thereto is moved up and down with
respect to the mounting plate; |
FIG. 15 is a cross-sectional view taken along lmes

pipette assembly 70 are arranged in a row correspond-
ing to the sample chambers 24. Liquid from those cham-
bers is aspirated by the automatic pipetting apparatus

~and is applied in a similar row on the Spots 19 of the

| m1oroporous support medium 20.

55

It is advantageous to provide the sample ehambers-

- 24, waste well 28 and wash well 26 in raised portions 22 '
of the sample plate 16 so that the mounting plate 80 of

~ the pipette assembly 70 need only go down to a com-
- mon downward position during all wash, waste, blot,

~ sampling and application operations.
would be obvious to one of ordinary skill in the art that

15—15 of FIG. 13 and illustrates the movement of the .

actuator plate downwardly with respect to the mount-

Ing plate by operation of the rack and pinion system
- controlling relative movement between the actuator
plate and the mounting plate;

However, it

other arrangements could be provided especially where

| dlfferent levels of the mounting plate could be provided

in the translation and signalling apparatus for control-

jling the mounting plate 80. A detailed discussion of such

- translation and mgnallmg apparatus for eontrolllng the

65

FIG. 16 is a schematic illustration of the mcrocom—-l B | |
~ directions beneath the pipette assembly 70 by virtue of

- puter integrated circuit device receiving signals from

mountmg plate 80 is discussed below. |
The schematic illustration of FIG. 2 shows that the

.sample plate 16 is translated in forward and rearward
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the motor 40 turning a pinion 38 having its gears in
engagement with those of rack 36. As the shaft of the
motor 40 turns, the sample plate 16 carried by the rack
36 moves back and forth beneath the pipette assembly
70.

Turning now to the pipette assembly 78 shown in
FIG. 2, a mounting plate 80 is translated upwardly and
downwardly by means of mounting plate motor 116
having its pinion 120 engaging a rack 122. Thus, the
entire mounting plate 80, and the microsyringe barrels
92 attached to the barrel bar 88 which is secured to the
mounting plate 80, moves up and down in accordance

with the turning of the mounting plate motor 116. Simi-

larly, the plungers 94 which are attached to plunger bar
90 and actuator plate 84 are moved up and down with
respect to mounting plate 80 by operation of the turning
of actuating plate motor 126 and its pinion 130 engaging
actuator rack 132. For purposes of illustration, the actu-
ator plate motor 126, its pinion 130 and the actuator
plate rack 132 are shown on the forward side of mount-
ing plate 80, but the actual apparatus illustrated in the
subsequent figures is to the rearward side of the mount-
ing plate 80 through slots in it.

FIG. 2 therefore shows all of the essential elements as
far as the translation of the sample plate 16 backward
and forward beneath the microsyringe barrels 92 and
illustrates the upward and downward translation means
of the mounting plate 80 and the microsyringe barrels
92, and the upward and downward motion of the plung-
ers 94 and the plunger bar 90 and actuator plate 84 with
respect to the mounting plate 80. |

FIG. 2A schematically illustrates an alternative em-
bodiment of the invention where the sample plate re-
mains immovable with respect to the base 12’ with the
pipette assembly 70’ being mounted on rollers 300 for
longitudinal translation. FIG. 2A illustrates that the
sample plate may include two units, an application plate
unit 16A and a fluid plate unit 16B. The sample plate
unit 16A is adapted to removably secure a support me-
dium 20’, while the fluid plate unit 16B includes a row
of sample chambers 24', a waste well 28’, a wash well
26’ and a blotting space 32'. The operation of the alter-
native embodiment is similar to that of the embodiment
of FIG..2 except that translation and signalling means
are provided for longitudinally translating pipette as-
sembly 70" with respect to the sample plate(s) 16A, 16B.
Details of such translation and signalling means will be
apparent to one of ordinary skill in this art by virtue of
the detailed description of analagous translation and
signalling means described below.

FIG. 2B illustrates an alternative sample plate 16’
which may include an additional row of dilution wells
25 in addition to the row of sample chambers 24, waste
well 28, wash well 26 and blotting space 32. Explana-
tion of the automatic diluting of sample fluid will be
described below with reference to FIG. 2B.

FIG. 3 is a side view taken along lines 3—3 of FIG.
1 with a portion of track 34 cut away to show its con-
struction. The tracks 34 are supported by track supports
48 which may also be seen in FIG. 5. The pipette assem-
bly 70 is vertically supported from base mounting block
78 which is secured to the sides of the base 12 and is also
further illustrated in FIG. 5. The pipette assembly 70
includes a back plate 86 and a front plate 73. One of the
plurality of barrels 92 of the pipette assembly is shown
in an upward position.

A carriage 46 is slidably movably disposed on track

34 as more clearly seen in FIG. 6. Racks 36 are secured
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to carriage 46 and are movable with respect to the base
12 by means of the carriage motor 40 having its pinion
38 in engagement with rack gear 36.

- Notches are provided along the left edge of the car-
riage 46. These notches cooperate with a trip switch to
provide signals indicative of the longitudinal position of
the carriage. The wash notch 50, rinse notch 52, blot
notch 54, sample chamber notch 56, dilution chamber

notch 57 (where the alternative sample plate 16’ of FIG.
2B is used) and application notch 58 are illustrated in

FIG. 3.

FIG. 4 illustrates a vertical cross-section through the
carriage 46 and the plate 16 and shows the actual wash
well 26, rinse well 28 and one of the sample chambers 24
on raised portion 22 of the plate 16. A blotter space 32
and a lateral application space 21 are illustrated on plate
16. Blotter paper 30 is shown in blotter space 32 while
a microporous support medium 20 such as cellulose
acetate or agarose 1s secured in lateral application space
21. | |

FIG. § 1s a downward view taken along lines 5—5 of
FIG. 1. Carriage 46 is shown supported by tracks 34
and movable in the rearward and forward directions by
means of motor 40, pinion 38 and rack 36 as also illus-
trated in FIG. 6. The sample plate 16 is disposed in a
valley or U-shaped cross-sectional structure 47 of car-
riage 46.

Position signalling notches on the sides of the car-
riage 46 cooperate with trip switch 60 and trip switch
62 fixed to tracks 34. Spring loaded rollers 61 and 63,
respectively are forced against the longitudinal edges of
carriage 46 and into the notches as the carriage 46
moves past them. For example, the notches on the left
hand side 46 include the wash notch 50, the waste noich
52, the blot notch 54, the sample chamber notch 56 and
an application notch 58. The notches correspond to the
longitudinal position of the wash well 26, waste well 28,
blotter paper 30, sample chambers 24 and application
spots 19 when those wells, chambers and blotting and
application spots are directly beneath the pipette barrels
92.

When the carriage 46 moves rearwardly where the
wash well 26 is directly beneath the barrels 92, the
roller 61 moves into the wash notch §0 thereby tripping
the trip switch 60 for signalling the microprocessor
associated with electronic module 200 (FIGS. 3 and 16)
that the wash well is beneath the barrels 92. The trip
switch 60 is likewise tripped when the roller 61 enters
notches 52, 54, 56 and 58 to signal the position of the
respective other wells, chambers and spots beneath the
barrels 92.

On the right hand side of the carriage 46 is notch 59
in which the roller 63 is shown. A sample plate trip
swtich 62 is thereby tripped to indicate that the carriage
is at its maximum forward position. Trip switch 685 is
mounted on the rear edge of carriage 46. Switch 65
closes when the rear edge of the plate 16 is in position
and engages it thereby generating a signal that the plate
16 is properly in position on carriage 46. The stops 64
provide means for accurately longitudinally positioning
application spots 19 beneath barrels 92 when carriage 46

‘18 in the maximum rearward position.

Also shown in FIG. § 1s a start button 214 by which
the programmed microprocessor is signalled to start the
automatic sequence of events for the automatic pipet-
ting apparatus which will be explained in detail below.
Lamp 212 provides a visual indication to the user of the



| autematle plpettmg apparatus 10 that the pewer s

turned on. |
FIG. 6 illustrates in a cross-sectional view taken

~along lines 6—6 of FIG. 5 the means by which the
carriage 1s translated with respect to tracks 34. The

~tracks 34 are'supperted upon base 12 by means of sup-

ports 48. The carriage 46 meludes slots- 149 in 1ts sides
on which it slides on tracks 34.
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. the barrels 92 As ﬂlustrated in FIG. 7, the plungers 94

are at their uppermost extent with respect to the barrels
92. The actuator plate 84 is adapted to move down-

- wardly with respect to the mounting plate 80, and

* Plate 16 as indicated above is dlsposed within a notch

or valley 47 of the carriage 46. The carriage translation
motor 40 is fixed to the base 12 and includes a shaft 42

10

~ which is supported by means of shaft supports 44. Pin- -

ions 38 secured to shaft 42 have their gears in engage-

ment with racks 36 which are attached to the carriage
' 46. As the motor 40 is turned in one direction or the
other under control of the mlcrepmeessor in the elec-

through such action, the plunger bar 90 moves down-
wardly with respect to the barrel bar 88 causing plung-
ers 94 to move downwardly within the barrels 92
thereby forcing any fluid within such barrels outwardly
through the tips 93 of the barrels and formmg a dr0plet
at the tips of the barrels.

Position signals are generated indicative of the posi-
tion of the mounting plate 80 with respect to the base 12
and the position of the actuator plate 84 and its plungers

- 94 with respect to the mounting plate 80. The trip

15

tronic module 200 (FIG. 16), the carriage 46 moves in

the forward or rearward directions.

FIG. 7 illustrates the pipette assembly 70 looking

rearwardly along lines 7—7 of FIG. 3. The mounting
- blocks 76 are shown secured to the base mounting
blocks 78 by means of screws 79. The mounting blocks

- 76 carry vertical mounting posts 72 as illustrated in

FIGS. 7, 10 and 13 and in the top views of FIGS. 8, 11
“and 14. The front plates 73 and back plate 86 are se-
cured by means of screws to mounting blocks 76.

A mounting plate 80 is vertically slidably supported |
-about the vertical mounting posts 72. Retainer bearings

74 provide sliding engagement between the posts 72 and
~vertical bearing blocks 75. The mounting plate 80 is

o fastened to extensions of bearing blocks 75 by means of

screws 81. By reference to FIGS. 7 and 13, it is seen that

mounting plate 80 may be moved from its upward posi-

‘tion as-shown in FIG. 7 to its lower position as shown
in FIG. 13 by its attachment to bearing blocks 75 and
their sliding engagement on posts 72.

A barrel bar 88 is secured to mountuig plate 80 by

- means of screws 89. Mounted on barrel bar 88 are a
plurality of pipette barrels 92 having their heads 193

20

25

30

switch 106 mounted on the mounting plate 80 cooper-
ates with the lower stop 115 mounted on the mounting
block 76 to provide a lower mounting plate position
signal when the mounting plate 80 reaches its lower
extent. In a similar way as shown on the right hand side
of the mounting plate 80, the upper tnp switch 105 is
mounted on the mounting plate 80 and is shown tripped
by contact with the upper stop 114. The upper trip
switch 105 when tripped provides a signal to the micro-
processor of electronics module 200 (FIG. 3) indicative
that the mounting plate 80 is in its upper position.
The trip switch 108 mounted on left hand side actua-

“tor 183 cooperates with application position cam 100 .

and wash cam 102. The trip switch 108 is tripped by the
application cam 100 when the actuator plate 84 moves
upwardly with respeet to the mounting plate 80 and the

trip switch 108 is tripped by wash cam 102 as the actua-

- tor plate 84 moves further upwardly. The down cam

35

104 trips trip switch 110 mounted on the right hand side
actuator guide 183 when the actuator plate 84 reaches
its maximum downward travel where the plungers 94

are within the barrels 92.

FIG. 91is a cross-sectional view taken along lines 9—9

| .of F1G. 7 and illustrates the mounting plate 80 and the

~ actuator plate 84 both in their upward positions. Mount-

secured within the barrel bar 88 in a manner to be de- 40

scribed below. As illustrated in the partial cut away of

barrel bar 88, the barrel lock bar 91 secures the lower
- portions of the barrels 92 to provide stability to the

. barrels. Guide tips 97 include adjustable screws 95 ex-

‘tending below the bottom edge of the mounting plate 80
-~ which cooperate with the lower surfaces 49 of plate 16

to accurately vertically position the lower tips 93 of

barrels 92 with respect to the support medium 20 and

45

-blettmg paper 30 disposed on lower surface 49 of plate

- 16. Such adjustment allows the droplets which form on
the ends of the tips 93, when plungers 94 are driven

.~ downwardly within barrels 92, to “kiss” or be slightly

50

applied either to the support medium or the blotting

- paper. The droplets on the lower tips 93 of the barrels
92 are held because of their small size (as small as one
micro liter) and surface tension forces of the barrel tips.

55

When the tips are brought to a small distance within the -

- upper surface of the support medium 20 or blotting

paper 30, the droplets are relieved of the surface tension

“holding them to their barrels and are precisely apphed 60

to the blotting paper or to the support medium.
Acutator guides 183 are secured to the mounting

- plate 80 and include grooves in which an actuator plate
- 84 is inserted for sliding movement upwardly and
65

~downwardly with respect to the mounting plate 80. The
actuator plate 84 has grooves in which a plunger bar 90
1s inserted. The plungers 94 of the microsyringe barrels

40 ing plate motor 116 has driven the mountlng plate 80 to -

the upward position by operation of pinion 120 on rack

122 which is secured to the back plate 86 and to the base -
of the apparatus.

‘Turning now to FIG. 10, the plpette assembly 70 is

shown with the mounting plate 80 in the downward

position but the plunger bar 90 and the plungers 94 are
in their upward position with respect to the barrel bar
88. The barrels 92 are in a downward position in the
wash well for aspirating 5 pl fluid, for example, from
the wash well 26. - |
FIG. 11, a view of the plpette assembly - leokmg
downwardly along lines 11—11 from FIG. 10, illus-
trates the drive mechanism by which the mounting
plate 80 is moved up and down with respect to the base.
A mounting plate actuator motor 116 is fixed to the
mounting plate 80 by means of a mounting screw 117.
The output shaft of the motor 116 has a gear 119 fixed

- to it. Gear 119 is engaged with a left pinion gear 120L -

- which is mechanically coupled to a right pinion gear

120R by means of shaft 124. The shaft is mounted to the
mounting plate 80 by shaft mountings 118. Racks 122,

- fixed to the back plate 86, have their gears in engage-

ment with pinion gears 120L and 120R. As the motor
116 turns 1n either direction under microprocessor con-
trol, the mounting plate 80 is moved upwardly or down-
wardly with respect to the base and the back plate 86 by

- the rack and pinion mechanism. The front view (FIG.

92 are secured to the plunger bar 90 and extend within

10) of the pipette assembly 70-with the mounting plate
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80 in 2 downward position shows the racks 122 visible.
‘The front view also illustrates, with the mounting plate
80 in its maximum downward position, that stop screws
95 of guide tips 97 are slightly above surfaces 49 of the
plate 16 indicative that tips 93 are slightly above the top
edge 49 of the plate so that droplets which form on the
tips may “kiss” the surface 49 and apply sample fluid to
the support medium or blotting paper.

FIG. 12 is a cross-sectional view of the pipette appa-
ratus taken along lines 12—12 of FIG. 10 and shows
that the mounting plate actuator motor 116 has turned
its pinion gear 120 so that the mounting plate 80 has
been moved downwardly with respect to the base and
the raised portion 22 of the plate 16. Thus, the barrel 92
has been lowered to be within a well of the raised por-
tion 22 of the sample plate. A wash well 26 is illustrated
as an example where the barrels 92 of the pipettes have
been lowered by the mounting plate 80 and where the
fluid from the wash wells have been aspirated into bar-
rels 92 by virtue of the plungers 94 being pulled up-

wardly by means of the actuator plate 84. It i1s apparent

from FIGS. 11 and 12 that the mounting plate 80 is
translated upwardly and downwardly with respect to
the raised portion 22 by means of the motor 116 turning
and causing the pinion 120 to translate upwardly and
downwardly on fixed rack 122.

Turning now to FIG. 13, the state of the pipette appa-
ratus 70 is such that the actuator plate 84 has moved
downwardly causing the plungers 94 to be inserted back
into the barrels 92 thereby positively displacing any
fluid which has been aspirated within the barrels either
to an application space, a blotter, or to a waste well. It
is seen that the trip switch 108 has been returned to a
condition such that any upward movement of the actua-
tor plate 84 will be tripped first by the application cam
100 and then the wash cam 102 providing a means for
signalling the position of the actuator plate 84 with
respect to the mounting plate 80.

FIG. 14, is a downward looking view along lines
14—14 of FIG. 13 and 1illustrates the drive mechanism
by which the actuator plate 84 is translated upwardly
and downwardly with respect to the mounting plate 80.
A plunger bar actuator plate motor 126 is fixed to the
mounting plate 80 by means of a mounting screw 127.
The motor 126 includes a gear 128 on its output shaft
which is in engagement with pinion gear 130R. Pinion
gear 130R is coupled to a pinion gear 130L by means of
a shaft 134 which is supported by means of shaft mount-
ings 118 which also supports shaft 124 (see FIG. 11).
‘The actuator plate 84 has actuator plate racks 132 fixed
to the rear side thereof which extend through slots 136
in the mounting plate so as to engage the pinions 130L
and 130R. As the plunger bar actuator plate motor 126
- 1s caused to turn in either the clockwise or the counter-
clockwise direction, the actuator plate 84 is caused to
move upwardly or downwardly with respect to the
mounting plate 80. FIG. 13 shows the slots 136 in the
mounting plate 80 through which the actuator plate
racks 132 extend.

FIG. 14 also shows the means by which the barrel
‘heads 193 of the barrels 92 are removably fixed to the
barrel bar 88. The barrel bar 88 comprises a receiving
bar 138 having slots 140 provided along its front face.

12

'88. The barrel bar 88 provide a removably securing

- means by which the barrels 92 may be easily replaced
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The barrel heads 193 are inserted therein and secured

by means of a securing bar 139 which holds the barrels
vertically in place. The securing bar 139 is secured to
the receiving bar 138 by means of screws 141. The
barrel lock bar 91 similarly constructed as the barrel bar

65

due to wear or breakage.
FIG. 15 is a cross-sectional view lookmg along lines

- 15—15 of FIG. 13 and illustrates the mounting plate 80

in a downward position. The actuator plate 84 has been

translated downwardly where the plunger bar 90 is

adjacent the barrel bar 88. FIG. 15 illustrates the actua-
tor plate racks 132 extending through slots of the
mounting plate 80 and their engagement with pinion
gear 130 which has been turned by means of the actua-
tor plate motor 126. The barrel 92 is now in a rinse well
28, for example. The plunger 94 has been forced down
by means of the actuator plate 84 moving the plunger
bar 90 to its lowermost position. Of course, the raised
portion of the plate 22 has moved longitudinally with
respect to the pipette assembly between the views of
FIGS. 12 and 1S.

FIG. 16 illustrates schematically the means by which
the carriage mounting plate and plunger actuator bars
are controlled to perform the automatic pipetting oper-
ation.

The dotted box 200 represents a microcomputer inte-

- grated circuit device, preferably a microcircuit No.

HD68P01V07 manufactured by the Hitachi Corpora-
tion. The circuit includes a central processing unit
201A, a read only memory 201B, a random access mem-
ory 201C, a timer 201C, a timer 201D, an output inter-
face circuit 201E and input interface circit 201F. The
read only memory circuit 201B includes stored software
by which the entire automatic operation is controlled
and will be discussed below. |

FIG. 16 illustrates the carriage motor 40, the mount-
ing plate 116 and the actuating plate motor 126 all under
computer control via the motor driver circuits 202, 203,
204 such as circuits UDN-2952B manufactured by the
Sprague Corporation. These motor driver circuits are
used to control the speed of the motor and its direction
of rotation. Also provided in conjunction with the
motor are electronic break circuits 205, 206, 207 which
are provided to quickly break the motor’s rotation on
receipt of a translation signal by the computer 200. Such
electronic motor break circuits are preferably 2N6075
Triac circuits.

The position detector circuits 208 represent the cir-
cuitry with the trip switches 60 and 62 illustrated in

FIG. § which indicate the position of the carriage 46

and the sample plate 16 with respect to the pipette as-
sembly.

The position detector circuits 209 represent the cir-
cuitry associated with the lower trip switch 106 and the
upper trip switch 105 which signal the upward or
downward limits of travel of the mounting plate 80 with
respect to the base. |

The position detector circuits 210 represent the cir-
cuitry associated with trip switches 108 and 110 which
indicate the relative position of the actuator plate 84
with respect to the mounting plate 80. The signals asso-
ciated with each of those position detector circuits are
represented as being carried by a bundle of electrical
leads 215 to the input interface circuitry 201F of elec-
tronic module 200.

The alarm circuit 211 is provided for the apparatus,
for example, such as a sounding device EAF14R06C
manufactured by Panasonic. Such circuit is activated
and a sound is generated to signal faults in the operation
of the apparatus or to signal the readiness of the ma-
chine.



| Indlcator circuit 212 represents an indicator lamp as

illustrated in FIG. 5 to signal the user that the power is
- on to the apparatus. The interlock circuit 213 represents.

the circuitry with sample plate interlock trip switch 65
which indicated the presence or absence of the sample
plate on the carriage. Command circuit 214 represents a

push button switch used to start or abort the automatic

- pipetting application process.

In operation, the central processing unit 201A re-
ceives the sequences of events instructions from the
programs stored in the read only memory 201B. The
‘central processing unit 201A then receives. positional
information concerning the moving mechanisms of the
apparatus by means of reading and decoding the binary
coded data present at the input interface 201F which
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eperatlons shown in FIG. 17 is preferred in that first

-five microliters of cleansing agent such as distilled

water is aspirated into the barrels of the pipettes from
the wash well. Next, the water in the barrels is dis-
pensed into the waste well. Then the applicator tips are

dried by lowering them to a blotter pad as illustrated in

FIG. 5.
Next, the barrels are moved to their upward. position

o with the plungers in their downward position, the car-

riage is moved rearward and the barrels are lowered

into the sample chambers 24. The plungers are raised

- thereby drawing a small amount of each sample of lig-

15

receives information via leads 215 from the position

detector circuits 208, 209, 210.

The microprocessor CPU 201A then receives an

input command to start or abort the process by means of

reading and decoding the binary coded data present at
the input interface 201F which is connected to the com-

mand circuit 214 which may be the push butten 214

illustrated in FIG. 5.
FIG. 17 illustrates in flow chart form the operations

- of the CPU 201A under program control. The CPU

- 201A determines the validity of a command to start the

processing by means of reading and decoding the binary
coded data present at the input interface 201F which

20

25

recetves a signal from the interlock circuit 213. This

operatlon insures that the plate 16 1s fully mserted mto-.

the carriage.

‘The CPU 201A causes the motors 40, 116 or 126 to

- turn in the required direction by means of writing the
appropriate binary coded data to the output interface
circuit 201E which is connected to the motor drive

30

uid, for example, patient blood to be tested. Where no

dilution of the blood samples is desired, the samples are.

applied precisely to the cellulose acetate or agarose
strip. The barrels are raised again. Agam, the carriage is
moved forward until the wash well is beneath the bar-
rels and the mountlng plate is lowered such that distilled
water is again drawn into the barrels and then dispensed
into the waste well.

Where dilution of the sample hqulds is desired, the

~ sample plate of FIG. 2B may be substituted for that of

FIG. 2 and the computer program illustrated by the
flow chart of FIG. 17 branches to the dilute routine. A
preferred routine for diluting the samples is to draw an

‘additional four micro liters of fluid from the wash well.

This action results in each of the barrels being filled
with four micro liters of diluting fluid (e.g, water) and

~one micro liter of blood (or other liquid) sample. Next
- the entire five micro liters of fluid of each barrel is

applied to the respective dilution chambers of the dilu-

“tion row of the plate of FIG. 2B. This process may be "

- repeated a desired number of times to effect moving of

35

- circuits 202, 203 and 204. The microprocessor CPU

201A. then causes the mechanism movement to stop

precnsely when the required location is reaches by writ-

- ing the appropriate binary coded data to the output
 interface circuit 201E which is connected to the motor 40

drive circuits 202, 203, 204 to disable the. drive and then

writing the apprepnate binary coded data to the output

- Interface 201E which is connected to the motor break
“circuits 205, 206, 207 to apply electronic breaking.

The m1creprecesser circuit 201A then signals that the 45

‘pipetting apparatus is ready or that a plate has been
. complete or that a failure has occurred by means of -
- writing the appropriate binary coded data to the output
interface circuit 201E connected to the alarm circuit

- 211 to sound an alarm.

50

. The timer 201D of FIG. 16 is used by the micro-
~ processor CPU 201A to determine electrical or me-

~ chanical failures of the positioning mechanism. This is
accomphshed by means of measuring the elapsed time

 during a command to drive any motor. If the event is
~ not completed within the prescribed length of time, the

-drive command is aborted and the alarm is activated by

55

listing of

- the sample with the dilution fluid (water). Flnally a one
‘micro liter sample of the diluted blood sample is drawn

into each barrel according to the description presented

previously. The routine then proceeds as described

above where the one micro liter of diluted liquid sample '

-is applied to the support medium.

The dilution routine described above is preferred but

- other routines may be used to effect good mixing of the
‘blood sample with diluting liquid. For example, a first
‘predetermined amount of liquid sample in each barrel

may be applied to the dilution wells. A predetermined

‘amount of wash liquid may then be applied to the dilu-
‘tion wells. After mixing the combination of the wash
liquid and liquid sample of the dilution wells, (for exam- -
- ple by the mixing technique described above), a small
‘amount of liquid samples is aspirated from the dilution

wells and applied to the support medium. -
- The appendix to this specification includes a source
the computer program written in
HD68PO1V(Q7 Hitachi Assembly language which is
stored in the read only memory 201B so as to automati-

- cally control the pipetting, cleansing, blotting, diluting

~.means of the microprocessor CPU 201A writing the -

appropriate binary coded data to the output interface

~_connected to the alarm circuit 211. The timer 201D is
‘also used to determine the repetition rate of the alarm

(at the eperater s option) and other functlens described
‘above. |

‘Various modlﬁeatlons and alterations i 111 the desenbed |

structures will be apparent to those skilled in the art of

- the foregoing description which does not depart from

~ thereby allowing the microprocessor circuit CPU 201A.

to encript and communicate to the 0perater the nature
- of the failure.
~ As shown in FIG. 17 once the autematlc plpettmg
apparatus of the invention is running, a wide variety of
different applications may be achieved. The sequence of

= rr reell
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the spirit of the invention. For this reason, these
changes are desired to be included in the appended
claims. The appended claims recite the only limitation
to the present invention and the descriptive manner
which is employed for setting forth the embodiments
and 1s to be interpreted as illustrative and not limitative.



WD N ) -

11
12

I
14
13
16
17
18
19
20

21

22
23
24

=

26
27
28
2%
30
Ch!

32

234
35

26
37
38
39

40

41
42

4%
44
45
PY:
47
48

49
20
o1
)
0
o4
0
o6
=Y
Ve

0000

0001

0002

0003

0004
0003

0006

Q007

15

4,827,780

APPENDIX TO SPECIFIANTION

16
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Data Regist

CRC MOTOR
CRGC MOTOFR
TUBES MOTOR

TUBES MOTOR
NEEDLES MOT

NEEDLEE MOT

& Port 4 Data Fegist

Home pasition for carrier
Home positiorn for tubes

Home position for needles
Carrier position

Tubes position
Needle position
Not used
Not used



59
20

&1

62

64
£5

=12

-
/

€9

70

71
72

74

er

82

- 813
- B4

8S

- B6
87
88

89
90
91
92
93
94
95
Q&

97
98
- 99

100

101

102

103
104

- 103
106

- 107
- 108

109

110
111

112

113

114
115

- 1le
117

118
119

120

58

0008

0009

- 000A

000E
000C
000D
000E

000F

- 0010

o 0011'

17
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 RRRREREERERERTEEEE RS

+ TIMER RECISTERS #*

TCSREG

%*

e wx sk Wk 3k Ak

BITO=

RIT1=
BITZ2=
BIT3=

BlT4=

BITS=
BITE=
BIT7=

- FRCMSE:

FRCLSE

OCRMSE

OCRLSE

ICPMSE

1CRLSE

EQU

(1EDG)
(ETOID)
(EQOCT)
(EICI)
( TOF )
{OCF)
(1CF)

EQU

EQU

EQU -

EQU

EQU

EQU

(QLVL)

B IZIIZIZIIXYZITLTELY

0008

. 19

¢ Timer Control Stat
us Reg,

POL of Port2-1 Wher Dutput Com

pare

Polarity of Capture Clock
Erable Dverfiow IRQR2Z
Enable Qutput Compare IRQ2
Enable Input Caoture IRQ
Timer Overflow Flag |

Input

%0009

- $000A

$000EB

$000C

$000D
.$000E

Output Compare Flag

Capture Flag

- % Free Rurnning Count

er MER.
¥ Free Running Count
er LSB

- % Qutput Capture Reg
MSE | o
# Output Compare Reg
LSB |

¥ Input Capture Feg
MSE |

¢ Input Capture Reg
LSE

EREFRRRRERRE SRR EXFEEFSELEESE

# PORT 1RQ CONTROL REGISTER #
EERRRE R E R R R BN LR ERRR R RNRE

ok o ok R e kK

P3SREC

BitO=
Bitl=
Bit2=

Rit3=

BitS=
Bitb=

EQU

$000F

* Port 3 Status Fegqg.

"PORT2 Latch Enable
Bitd4= 0SS (Output Strobe Sel.)

1S3 IRQ! Erable
Bit7= 183 Flag Bit

R AR RN E R R R R R ERE
* SERIAL PORT REGISTERS #»

RMCPREG

Ww o Mk o ok ok ok ok

BitQ=

Biti=
Bit2=
Rit3=
Bit4=

- EQU

$0010

R RBE RN ERFRERERE RN RN

# Rate Mode Control
Reg

'(SSD) Baud Rate Setect
{S51) Baud Rate Select

{CCO)
(CC1)

BitOS=

Bitb=
Bit’7=

TRCSRG

o K o R

Bi1t0=

Biti=

Bit2=
Bitas=
Bit4=

BitS=

EQU

(WU) Wake-up
Xmit Enable

Xmit IRQZ Enable
Enable

(TE)

(TIE)

{RE)

Kecv

Format
Format

$0011

Clk Source
C1K Source

*.Xmit Recieve Corntr
ol & Status |

(FIE) Recv IRQZ Ebable

{TDRE) Xmit Data Reg Empty Flag



121
122
123
124

125

126
127
128
129
130
131

132
133
134
135
13¢&
137
138
139
140
141
142
143
144
145
146
147
148
149
150
191
192
153

154
199
156
1957

1358
159

160

161

162

163

164
165
166

167
168

165

170
171

172

173

0012

0013

0014

0080

0040
0008

0002
0004
0004
0010

O00F3

0080
0002
0001
0001
0001
0008

00FC

0020

0020

0004

19

4,827,780

# Bitb= (ORDE)
# Bit7= (RDRF)
RCVREG EQU
XMTREG EQU

20

Overrun Framing Error
Kecieve Data Reg Ful)

0012

$0013

* Receive Data Regis
ter

* Transmit Data Reg:
ster

FREEEEXEZUEEREREREREELEREEERLEEREEEE

# RAM AND EPROM CONTROL REGISTERS +#
FREFEEER R R R R R R R EREE R AR REFRERRERE®

EAMROM

# Bitl=
£ Bit2=
* Bit3=
* Bit4=
% BitS=

EQU

$0014

‘* Ram Eprom Control

R!g ’

# Bit0O= (PLC) Programing Latch Control
| (PPC) Programing Power Control

¥ Bit6= (RAME) Enable Ram Addressing

* Bit/=

(STEY PWR) Standby Power Status Flag

sx%% $0015-8$001F RESERVED ! #%s%

EREFEEFRREEXFEEFREREEELERREERERE

# STANDBY RAM

{$0080-$00EF) *

FRERFLERERRRELRREAX B EEREF R RN

CEREFERRFREREFSF AR ERREERAEREEREE

* TEMPORARY RAM ($00A0-$00FF) «
EREE R R R RN R AR FRE R R R R RE RN

1R@MSK
TUBEENE

TUBEMOTP
TUBESW!

TUBETBRK
TUBEMOTN
TUBESW2

TUBEMSK

CRGENE

CRGMOTP

CRGSWI
CRCTERK

CRGMOTN

- CRGSWZ

CRGMSK

NDLENBE

NDLMOTP

NDLSW1

EQU

EQU

EQU

EQU
EQU

EQU
EQU
EQU

EQU

EQU

EQU
EQU
EQU
EQU

EQU

EQU

EQU.

EQU

- 880

$40
$08

$02
$04

$04

$10

$F3

$30

$02
$01
$01
$01

s$08

- $FC

$20

$20

$04

& DEBOUNCE MASK STAR
T SWITCH |

#TUBE DRIVE ENABLE
*TUBE MOTOR DRIVE PO
SITIVE.

*TUBE HOME SWITCH.
#TURE TRIAC BRAKE
#TURE MOTOR DRIVE NE
CATIVE. ,
*TUBE DOWN POSITION
SWITCH.

#MASKS OFF THE TUBE
DIRECTION EITS TO A

0.
+CARRIAGCE DRIVE ENABR .'

LE | |
#*CARRIAGE MOTOR DRIV
E POSTIVE., |
#CARRIAGE HOME POSIT
ION SWITCH,. -
*CARRIAGE TRIAC BRAFK
E

+CARRIAGE MOTOR DRIV
E NEGATIVE, |
#*CARRIAGE LOCATION &
WITCH, | -
#MASKS OFF THE CRC D
IRECTION BIT TO A& Q.

#MASK OFF THE NEEDLE
'DIRECTION RITS TO A
"0

#NEEDLE MOTOR DRIVE -
POSTIVE. .
#NEEDLE HOME POSITIO



174
175

176

178

179

180
181
182

183

. 184

18%

186
187  ;
188
189

180
191

182

133

194
195
196

197

198
- 200

201

202

204

205

- 206

207
208
- 208

- 210
211

212
213
21 4

216
217

- 218

203

0010

0010

0020

~ 00CF

0003

0040

0001

0002

0003
10004

0005
0006

0001
0002
0001

0002
0003
0004
0004

" 0OFF
001

O0EOD

0002
000F

5000
02FF

04FF

08FF

OFFF
IFFF
AFFF

- 0007

- 0006
00FF

00AF

.. 0010
- 0080
0080
0081
0083
0084

o085

0086

0087

'].21_ 

JOGTIME
TONE1

TONEZ

"ENABLE

NDL TERK

NDLMOTN

NDLSW2

" NDLMSK

CLEANYET

TRAY
WASH
WASTE
BLOT
SAMPWELL

DULUTER
PLATE

NDLIUL
NDLSUL
ERROR}

ERROR? -
ERROR3

ERROR4
ETO1

STACK

ALLBRAKE

ALLENE

" RRAKEPRT

SWBOUNCE

TONE3
TONE4

TONES
TONE

SWPRT

~ MOTORFRT
~ OFFSW

SOAKTIME

~ BLOTIME

WASHTIMS
TONES

WATCHDOG

DIRECT

SWITCH

TBRAKE

4,827,780

EQU
EQU

EQU

EQU

EQU

- EQU

EQU

EQU

EQU

EQU
EQU

EQU

EQU

EQU

EQU
EQU

- EQU

EQU

EQU
EQU

EQU

EQU

EQU
EQU

EQU
EQU

EQU

EQU

EQU

EQU
EQU
EQU
EQU
EQU

EQU
EQU

ORG

RMB

RME
RME

- EME
- RMB

"RMB

RMB

- $10
$10

$20
$CF

$03

840

$01

. 802

$02
$04
$05
$06

%01

$02

01

$02
$03

$04

$04

$FF

$15
$E0
PORT1

$OF

$5000
 $02FF

$04FF

$OBFF
$OFFF

$1FFF

$1FFF

PORT4
"PORT3
SOOFF

$00AF
$0010
$0080

'-JHMH

RN ok X kN

22

N SWITCH. -
#NEEDLE TRIAC BRAKE
*NEEDLE MOTOR DRIVE
NEGATIVE. .
¥NEEDLE LOCATION SWI
TCH,

#MASK OFF THE NDL DI
RECTION BIT TO A 0,

#HOW MANY TIMES TO C
YCLE THROUGH THE WAS
H CYCLE. .

#TO MAKE SURE THE TR
AY 1S ALL THE IN.

#sCARRIACE LOCATION O

NE 3 |

«CARRIACE LOCATION T
WO, |

#*CARRIAGE LOCATION T
HREE.

*CARRIAGE LOCATION F
OUR,

iCARRIAGE LOCATION F
IVE. o
#NEEDLE LOCATION ONE

*NEEDLE LOCATION TNO

iTUBES NOT AT HONE P

#MOTOR NOT DRIVING.
#TRAY IS NOT ALL THE

- WAY IN.

#TIMER OVERFLOW FLAG
IN THE TCSREG.

#ALL MOTOR ENAELE

+WAITING FOR TUBE Su
ITCH TO STOP BOUNCIN -

C.
*TUBE HOME POS.~EREO 

$MOTOR NOT REACHING
LIMIT SWITCH TONE
#TRAY NOT IN TONE.

" #SWITCH NOT CLOSED E

RROR, |

#*UNKNOWN ERROR.

#READY FOR OFERATION_
TONE.,

*SWITCH POPT;_FOETd
#MOTOR PORT, PORT3

#PAUSE TIME.

MOTOR CONTROL BLOC
ENABLE

MOTOR CONTROL BLOC
DIRECTION

MOTOR CONTROL BLOC
SWITCH -
MOTOR CONTROL BLOC



219

220
221
222
223
224
223
226
227
228
229

230
231

232

233
234
22335
236
237
238
239
240
241
242

243

244
243
246
247
248
249
230
231

292
253
254
239
236
297

2358
239
260
261
262
263
. 264

2695
256
267

268
2689
270

271
272
273
a7 4
273
276
277
278
279
280
281
282

490

0088

008S
008A
QO08E
00&C

<45k 008D

008D

F&00
2R FBO0O
8 F80!
14 F&204
16 F&8o07
20 FB80S

22 FBOER

26 FB0C
28 F80E

320 FROF
32 FB81!
36 FB812
40 FB8i14

44 FB16
47 F81i8
6R F81E

8 FB8IE
11 F820
15 FBZ2Z

18 F824
22 F827
26 F828
2k FB2A
11 #FB2R
20 *F82E
29 #F831
38 #F834

44 FBZ/
46 FB3A

31 F83C
60 FB3F

OF
7F
7F
86
97

4F
97
43
o
53
97
D7

97
CE
7F

Cé
DA
D7

E8E
09
26
OFE
ED
BD
BD
BD

7F
86

B7
3k

23

008E
008C
02

01

08
ED

00
02

04
7FFF
0006

EO
02

oy
ra

O0FF
F1

F9C9
FOES
FAl12
FB1S

0080
80

008FR

(FBIB)

4,827,780

24

K TRTAC BRAKE
* MOTOR CONTROL DIRE

CTION BIT MASK

* Mode Flag

FERERFUUEREFEREFFESELEELRBERREERESERERREREE

# DISABLE DRIVE

# ZERO DIRECTION BIT
S

# GET REQUIRED DIREC
TION

* ENABLE

DISABLE DRIVE
TRIAC BRAKE
BRAKE AND DISAELE

B i e

& DRIVE FAST STOP

# DRIVE FAST ETOF

#MAKES P21 AN OUTPUT

# PORT 1 ALL OUTPUT
*» SET ALL TRIAC BRAF
E,DISABLE DRIVE

' # PORT 3 ALL OUTPUT

#+ MOTOR DRIVES FAST
STOP '

¢« ENABLE DRIVE FOR F
AST STOP

¢ Mode READY

MASK RMB !
CRCPOS RMB |
NDLPOS RMB 1
STATUS RME |
COUNT RMB 1
MAC  START
&L LDAA ENABLE
COMA
ANDA BRAKEPRT
STAA BRAKEPRT
LDAA MASK
ANDA MOTORPRT
ORAA DIRECT
STAA MOTORPRT
LDAA ENABLE
ORAA BRAKEPRT
STAA BRAKEPRT
MEN
MAC  STOP
&L LDAA ENABLE
COMA
ANDA BRAKEPRT
OFAA TBRAKE
STAA BRAKEPRT
LDAA MASK
ANDA MOTORPRT .
STAA MOTORPRT
LDAA ENABLE °
ORAA BRAKEPRT
STAA BRAKEPRT
. MEN
FRERUEFEERSFEREREFERERETFEEETES
ORC  $FB00
CINIT SET
CLR  STATUS
CLR  COUNT
LDAA #8072
STAA P2DDR
CLRA
STAA TCSREG
COMA
LDAB #ALLENE
COME
STAA P1DDR
STAB BRAKEPRT
STAA P3DDR
LDX  W$7FFF
B CLR  MOTORPRT
LDAB #ALLENE
ORAB BRAKEPRT
STAR BRAKEPRT
LDS  #STACK
DEX
BNE !
CLI
JSR  TUBEHOME
JSF  CRGHOME
JSR  NDLHOME
JSR  BEEPER
CLR  WASHTIMS
LDAA #$80
STAA STATUS
WAT



283

284

285

286

287

288

289

290
291
292
- 293

. 294

29%5

296

297

- 298

299
300

 301

302

303
- 304

. 30%

306

- 307

308

. 309

310

E-TT

312

- 313
314

3195
316

317
- 218
319
320

321
322
323
324
325
326
327

328

- 829
330
331

332
333
334

335
336
337
338

339

340
341
- 342

- 343

344
34%

346
347 -

128

139
148

168

ZR F840_'

4
8

14

16
19
23

3R
IR

o

s .
4R

8

 BR
10

20
24

B8R

- &R
7
9
12
14

F842

FB43

FB45

F848

F284A
FB4C

FB4E
Fa31
F8353
FBSS
F897

F858

F85A

F85D

F85F
FBEO

FBE2

FBES

FBE7
FBEA
F8EB

FB6E

23 *F870
32 #F873

24

43 #F878

F876

52 *F&7EB

o4

FB7E

63 #F88B0
72 #FBB3
81 #FB86

- -4
101
110
119

130

150
199

170
179
188

197

206

215
217
226
233
237
246
235

258"

260

264

- 2R

22

90 #FB8A&%S

F88C

+F88E
#F891
*+FB894

*F897

F83A

#FB89C
*F29F
FBAZ
+FBA4
*F8A7
F8AA
*F8AC
*FBAF
sF8EB2
#FBBS.
*#FEB8
FBEB
+F8BD
*F8CO

Facs3

*F8CY
*FBC8
FECB

FBCD
F&CF

F8D!
11 #FBD3
20 *FBD6
- FBD9

31 *FBDB

25

C6
=3

D7 «

7F

Ch

DA

D7
CE

96

84
27
09

26

7D
26

)
‘2B

7E

86

B7

OF
8E
CE

BD

BD

-
FAES
F9C9

BD
BD
CE
BD

" BD

BD
BD
Ce
ED
BD

ED

BD
CE
BD

BD

Cé

BD

BD

CH
BD

BD
BD

ED
BD
CE
ED
BD
Cé
BD
BD
96
84
26
Cé

BD

BD

Ce

BD

EO

0006

EOQ
02
02

O0FF
07

20
F7

F7
00EB
01

03

'FB00

7F

008R

00FF
01
FAR7
FSD&

0z

02

FAB7
FA1Z
FSDe
F9C9

03

FOD6
FC33

F9C9
04
FAB7

FOD&

01

FAEG
FSC9
03

FC33

Facs

04

FAB?
FODE

01

FAEE
‘F9CS
06

20

3B

01

FAB7
F9DE

02

FAEE

FAB7

(FB4E)

. (F8%1)
(FBEO)

-'{FBES)

FAB?
FA12
FODE

(F90C)

r

EXEC

V7
14

3

'3

4,827,780
LDAE
COMB
STAE
CLP
‘LDAEB

ORAB

STAE

LDX
LDAA
ANDA
BEQ
DEX
BNE

TST
BNE

RTI
BMI

JMP

LDAA
STAA
CLI
LDS

- LDAR

JER
JER
LDAB

- JSR

JER
LDAB
JSR

- JSR
- JSR

JSR

- LDAB

JSR
JSR
JSR

JSR
LDAE

JSK

JSP
LDAB

~ JSR

JSR

LDAB

JSR
JER

- JSE

JSR
JSF
LDAB
JSP

JSE

LDAR

JSH

JOR
LDAA
ANDA
BNE
LDAE
JER

- JSKR

LDAB

 JSF

MOTORPRT

#S$7F

26
#ALLENE

#*SETS THE TRIAC RRAF
ES, AND DISENABLES T
HE MOTORS,

#MOTOR DRIVERS FACT
STOP.,

RRAKEFPRT

#ALLENE
BRAKEPRT - |
BRAKEPRT #ENABLES MOTOR DRIVE
RS FOR FAST STOP.

#0FFSW

SWPRT

# I RQMSK
e

| 4

STATUS |
12 # If Not = 0 Not INI
TL Mode

13 ~ ® ]¢ -. READY Mode so
. 90 RUN
# It + RUN Mode $6 @

o INIT

INIT

STATUS  # Flag FUN mode

#$STACK
TWASH

' CRGLOC

TUBEDOWN
$NDLIUL
NDLLOC
TUBEHOME
BWASTE
CRCLOC

‘NDLHOME

TUBEDOWN

TUBEHOME

¥BLOT

CRCLOC

TUEEDOWN o -

BLOTTER  #THE TIME THE TUBES
- WILL STAY DOWN.

TUBEHOME

. #SAMPWELL

CRGLOC
TUBEDOWN
SNDL1I1UL
NDLLOC
TUBEHOME
#BLOT
CRGLOC
NDLHOME
TUREDOWN
BLOTTER

- TUBEHOME

$SAMPWELL
CRGLOC
TUBEDOWN
#NDL 1 UL
NDLLOC
TUBEHOME
MOTORPRT
#580

110

- BWASH

CRGLOC
TUBEDOQWN
#NDLSUL
NDLLOC



348
349
330
391

332

393
354
3ss
356
357
Clol=
359
360
361
362
363
364
363
366
367
368
369
370
371
372
373
374
375
376
377
378

379
380

381
382
383
384
38%
386
387
388
389
390
391
392
393
2394
395

396

397
398
399
400

401

402

4032

404
403

406
407
408
409
410
411
412
413
414
4195
416

40
42
91
60
&9
71
80
89
91
100

109

111
120

129
131
140
149

#FBDE

FBE!
#F8ES3
#FBRES
#FEES

FREC
*FBEE

#F8F1

FRF 4
*FEBFB
*F8FS

F8FC

*F8FE
*FSO1

FS04
#F906
*F909

2R FSOC
i1 #FS0E

20
29
38
47

49
o8
67
76
85

#F911
#F914
&#FQ17
*+F9 1A
FS9i{D
#FS1F
*#F922
#FS 25
#FS28

2R FI2R
11 #FS2D

20
22
31
40
42
21
60
69
78
g2
84
ag

#FS30
F933
#F935
*F928
FO3R
«F93D
*FS40
#F943
$F946
FS49
FS4C

F94E

2R F9350

&

F9352

2R F9%54

6

F936

2R Fass

11

14

16

21

*#F93A
F93D

F960
FS62

30 *#FS65

34

F968

2R F96A

i1
13

18
21

30

SR#F37A

18
27

*F96C
FSEF
F971
F974

*FQ77

*FS97D
#FS80

6ER F983

8
12
16

F986
Fo8s8

FSEE

3R FS8D
9R*F990

F993

BD
Cé
RD
RD

- BD

C&
RD
BD
Cé
BD
BD

Cé
BD

BD
Cé
BD
BD

Cé

BD
BD
BD
BD

BD
C&
BD
BD
ED
BD
CE
BD
BD

Cé
BD

BD
Ce
BD
BD
BD
ED
B6

81

27
81
27
81
27
o
BD
CE

86
B/
BD
20

Cé
BD
86
B7
CE

BD
BD
BD
BD
rde
ae
Bl
26
7E
BD

27

05
FAER/Z
FA12
FID&
02
FAEE
FALZ
02
FAE&

FAL12
02
FAES

FAL1Z

01
FAEbD
FOCS
06
FAR7
FAL12

FSD6

FAAS
FOCS
03

FAEB7

F9D6
FC33
F9C9
01

FAE7
FADé

02
FAEE

FOCS
02
FAB/
FAl1Z
FSD&
FOCS
0080
00
08
01
2F
02
12
03
FAB7
=000

02
0085
F390
10

03
FAB7
0t
0085
5000

F990
F3D6
FC33
FOCS
0080
03

0080

9t

F800
FC42

FSCS

{(F958)

{F983)

(FOBA)

(FI7A)

(F92B)

4,827,780

110

I 1

ET.

g

g

JOG

JEP

LDAER

JSF
JSP

JSK

LDAB
JSR
JEF
LDAE
JSR
JOR
LDAB
JSR
JSH
LDAE
JER
JSR
LDAE
JSR
JSR
JSF
JSF
JSK
LDAB
JSR
JSR
JER
JSR
LDAB
JSR
JER

LDAE
JSPR

JER
LDAEB
JER
JSR
JSR
JOPR
LDAA
CMPA
BEQ
CMPA
BEGQ
CMPA
BEQ
LDAB

JSR
LDX

LLDAA
STAA
JSE
BRA

LDAE
JSP
LDAA
STAA
LDX

JSR
JSR
JSR

JSR

INC
LDAA
CMPA
BNE
JMP
JOSR

START

TUREHOME

$DULUTER

CRGLOC
NDLHOME
TUBEDOWN
#NDLSUL
NDLLOC
NDLHOME
$NDLSUL
NDLLOC
NDLHOME
#NDL3SUL

- NDLLOC

NDLHOME
#NDL UL
NDLLOC
TUBEHOME
$PLATE
CRCLOC
NDLHOME
TUREDOWN
S0AK
TUBEHOME
#BLOT
CRGLOC
TUBEDOWN
BLOTTER
TUBEHOME
$WASH
CRGLOC
TUBEDOWN

$NDLSUL
NDLLOC

TUBEHOME
#WASTE
CRGLOC
NDL.HOME
TUBEDOWN
TUBEHMOME
WASHT IME
#$00

1S

#$0 |

&

#$02

18

$BLOT

CRCLOC
#JOCTIME

#CRCMOTP

DIRECT

JOG
19

#BLOT
CRGLOC
#$CRCMOTN
DIRECT
$JOGCTIME

JOG
TUBEDOUWN
BLOTTER
TUBEHOME
WASHT IMS
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What is claimed is:

1. Automatic pipetting apparatus comprising

a base, |

sample plate means disposed on said base, said sample
plate means having longitudinal and lateral dimen-
sions, said plate means including a lateral row of
liquid sample chambers and a lateral application
space longitudinally separated from said liquid
chamber row, said lateral application space
adapted to receive a microporous support medium,
said sample chambers adapted to receive liquid

samples,

a pipette frame including vertical support means for

supporting said frame from said base laterally
above said sample plate means, said pipette frame

having a longitudinal position with respect to said
longitudinal dimension of said sample plate means, .

longitudinal translation means for changing the longi-
tudinal position between said pipette frame and said
sample plate means,

a mounting plate carried by said pipette frame,

vertical translation means for effecting relative verti-
cal movement of said mounting plate and said sam-
ple plate means,

a plurality of microsyringe barrels having their heads
secured in a row to said mounting plate, said bar-
rels spaced corresponding to the spacing of said
liquid chambers on said plate, said barrels being
hollow with each having a lower tip,

a plurality of micro-plungers, each of said plungers

~ disposed 1n one of said barrels,
plunger translation means for moving said plungers
vertically within said barrels,
signalling means
for generating longitudinal signals representative
of the relative longitudinal orientation of said
pipette frame with respect to said sample plate
means,

for generating mounting plate signals representa-
tive of the vertical orientation of said mounting
plate relative to said sample plate means and

for generating plunger signals representative of the
orientation of said plungers relative to said bar-
rels, and - |

programmed computer means responsive to said lon-
gitudinal signals, to said mounting plate signals and
to said plunger signals for generating a sequence of
control signals to said longitudinal translation
means, to said vertical translation means and to said
plunger translation means to aspirate a first prede-
termined amount of liquid from said sample cham-
bers into said respective pipette barrels, and to
apply a droplet of said liquid samples in each of said
pipette barrels onto corresponding spaces of said
microporous support medium when placed on said
lateral application space of said sample plate by
precisely positioning said lower tips of said barrels
at a small distance above satd microporous support
medium, said small distance being smaller than the
diameter of a droplet of liquid sample which may
be maintained on the end of said tips through sur-
face tension forces of the barrel tips, whereby each
droplet slightly touches said microporous support
medium and is thereby relieved of its surface ten-
sion and is precisely transferred to said micropo-
rous support medium from each of said pipette
barrels. |

2. The apparatus of claim 1 wherein
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said sample plate means is translated longitudinally
beneath said pipette frame by said longitudinal
translation means. |

3. The apparatus of claim 1 wherein

said pipette frame is translated longitudinally above
said sample plate means by said longitudinal trans-

lation means.
4. The apparatus of claim 1 wherein said sample plate

means includes a wash well adapted to contain wash

10 liquid and a waste well longitudinally spaced from each
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other and from said sample chambers,

said programmed computer means generating a fur-
ther sequence of control signals to said longitudinal
translation means, to said vertical translation means
and to said plunger translation means before aspi-
rating liquid from said sample chambers,

to draw a second predetermined amount of wash
liquid from said wash well into respective pipette
barrels, and

to discharge said wash liquid into said waste well.

5. The apparatus of claim 1 wherein said sample plate

means further includes a wash well adapted to contain
wash liquid and a waste well longitudinally spaced from
each other and from said sample chambers and a row of
individual liquid dilution wells longitudinally spaced
from said sample chambers, said dilution wells adapted
to receive dilution liquid,

said programmed computer means generating a fur-
ther sequence of control signal to said longitudinal
translation means, to said vertical translation means
and to said plunger translation means after aspirat-
ing liquid samples of said liquid samples into said
pipette barrels,

to aspirate a second predetermined amount of wash
fluid from said wash well into said respective pi-
pette barrels operably creating a combination of
sample liquid and wash liquid in each barrel,

to discharge said sample liquid/wash liquid into said
corresponding dilution wells operably creating
diluted liquid samples, and

to aspirate a third predetermined amount of diluted
liquid samples from said dilution wells into said
respective pipette barrels.

6. The apparatus of claim 5§ wherein

said programmed computer means generates a fur-
ther sequence of control signals to said plunger
translation means to alternatingly discharge said
sample liquid/wash liquid into said corresponding
dilution wells and aspirate a predetermined amount
of diluted liquid from said dilution wells into said

- respective pipette barrels operatively causing mix-
ing of said liquid samples with said dilution liquid
in said dilution wells.

1. The apparatus of claim 4 wherein said sample plate

means further includes a row of individual liquid dilu-
tion wells longitudinally spaced from said sample cham-
bers, said dilution wells adapted to receive dilution
liquid,

- said programmed computer means generating a fur-

ther sequence of control signals to said longitudinal
. translation means, to said vertical translation means
and to said plunger translation means for applying
said first predetermined amount of liquid sample in
each barrel to said dilution wells, applying a third
predetermined amount of wash liquid from each
barrel to said dilution wells, mixing the combina-
tion of said wash liquid and said liquid sample of
said dilution wells, and aspirating an amount of
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dﬂuted 11qu1d samples from said dilution wellsinto

~ said respective pipette barrels.
8. Automatic pipetting apparatus comprising a base,

- sample plate means disposed on said base, said sample

plate means having longitudinal and lateral dimen-

sions, said plate means including a lateral row of

liquid sample chambers and a lateral application
‘space longitudinally separated from said liquid

chamber row, said lateral application space 0

adapted to receive a microporous support. medium,
said sample chambers adapted to receive liquid
samples, |
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- to discharge said wash liquid into said waste well, and
wherein said sample plate means includes a longitudi-
nal blotting space for applying a lateral blotting
~ paper strip, said blotting space longitudinally sepa-
rated from said sample chambers row, said wash
 well, said waste well and said lateral application

space, and

 said programmed computer means generating a fur-_

a pipette frame meludmg vertical support means for

supporting said frame from said base laterally
above said sample plate means, said pipette frame
having a longitudinal position with respect to said

longitudinal dimension of said sample plate means, |
- space longitudinally separated from said liquid chamber

longitudinal translation means for changing the rela-

tive longitudinal position between sald pipette
~frame and said sample plate means,

a mounting plate carried by said pipette frame, |

- vertical translation means for effecting relative verti-

cal movement of said mounting plate and said sam-

ple plate means,

a plurality of microsyringe barrels havmg their heads
- secured in a row to said mounting plate, said bar-
‘rels spaced corresponding to the spacing of said
liquid chambers on said plate, said barrels being
hollow with each having a lower tip,

‘a plurality of micro-plungers, each of said plungers

~ disposed in one of said barrels, -
plunger translation means for movmg sald plungers

vertically within said barrels,

fmgnalllng means

for generating longltudmal 31gnals representatwe

LER
 pipetting apparatus comprising a lateral row of individ-

~ ther sequence of control signals to said longitudinal
translation means, to said vertical translation means
and to said plunger translation means after dis-
charging said rinse liquid into said waste well, to

- blot the tips of said barrels on said blottmg paper
- strip.

9. A sample plate adapted for use with automatic

ual liquid sample chambers and a lateral application

" row, said lateral application space adapted to receive a

20 microporous support medium and

25

35

© of the relative longitudinal orientation of said. -

- pipette frame with respect to said sample plate -

means, |
for generating meuntm g plate signals representa-
tive of the vertical orientation of said mounting
plate relative to said sample plate means and
for generatmg plunger signals representative of the
orientation of -said plungers relatwe to said bar-
rels, and :
~ programmed computer means responsive to said lon-
gitudinal signals, to said mounting plate signals and
‘to said plunger signals for generating a sequence of
control signals to said longitudinal translation

45

means, to said vertical translation means and to said

o plunger translation means to aspirate a first prede-

o apply said liquid samples in each of said pipette

~ barrels, where said lower tips of said barrels are at -

a position slightly above said microporous support
" medium onto corresponding spaces of said micro-
porous support medium when placed on said lat-
. eral application space of said sample plate,
wherein said sample plate means includes a wash weli
~ adapted to contain wash liquid and a waste well
longitudinally spaced from each other and from

- said sample chambers,

. said programmed computer means. generatlng a fur—
ther sequence of control signals to said longitudinal

~ translation means, to said vertical translation means

30

termined amount of hquld from said sample cham-
~ bers into said respective plpette barrels, and to

including a raised portion and a lower portion, said
row of individual liquid sample chambers being

disposed on said raised portion, said lateral applica-
. tion space being disposed on said lower portion and

~ further comprising a wash well and a waste well
longitudinally spaced from each other and from

- said sample chambers. | |
10. The sample plate of claim 9 further compnsmg a

30 row of individual liquid dilution wells longltudmally |

spaced from said sample chambers. |
11. A sample plate adapted for use with automatlc
pipetting apparatus comprising a lateral row of individ-

“ual liquid sample chambers and a lateral application
space longitudinally separated from said liquid chamber

row, said lateral application space adapted to receive a

MICroporous support medium, and

- further comprising a wash well and a waste well
longitudinally spaced from each other and from |
sample chambers, and

further including a longltudmal blettmg space for
applying a lateral blotting paper strip, said blotting
‘space longitudinally separated from said sample
- chamber row, said wash well, said waste well and
- said lateral application space. -

12. The sample plate of claim 11 1ne1ud1ng a raised

portion and a lower portion, said row of individual

liquid sample chambers being disposed on said raised N

portion, said lateral application space bemg disposed on
said lower portion.

- 13. The sample plate of claim 11 meludlng a ralsed
portlon and a lower portion, said row of individual

- liquid sample chambers, said wash well and said waste

33

well being disposed on said raised portion, said lateral
application space and said blottmg space bemg dlspesed |

~on said lower portion.

65

and to said plunger translation means before aspi-

rating liquid from said sample chambers, _
to draw a second predetermined amount of wash

liquid from said wash well into respective plpette

barrels, and

14. Automatic pipetting apparatus compnsmg, |

a base, |

track means disposed longltudmally on sald base,

a carriage longitudinally movably dlsposed on said
track means, | |

a sample plate removably dlSposed on said carrlage
said sample plate including a lateral row of individ-

ual liquid sample chambers and a lateral application

space  longitudinally separated from said hiqud
- chamber row, said lateral application space
~ adapted to receive a microporous suppert medium,
‘said sample chambers adapted to receive sample
liquids, | |
a plpette frame mounted verttcally on said base above
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said carriage and said sample plate, said pipette
frame having vertical mounting posts separated
longitudinally from each other, each of said posts

secured to said base,
a mounting plate assembly slidably guided by said

vosts and disposed laterally with respect to said

sample plate and including,

a mounting plate having slidable guides disposed
about said posts,

a barrel bar fixed to said mounting plate,

a plurality of microsyringe barrels having their
heads secured in a row in said barrel bar and
spaced corresponding to the spacing of said lig-

uid chambers on said plate, said barrels being
hollow with each having a lower tip,

a plunger bar vertically movably disposed above
said barrel bar and having a plurality of micro-
plungers secured thereto, each of said micro-
plungers movably disposed within a correspond-
ing microsyringe barrel, and

a plunger actuator plate vertically movable with
respect to said mounting plate and carried by
said mounting plate, said actuator plate remov-
ably secured to said plunger bar,

sample plate by precisely positioning said lower
tips of said barrels at a small distance above said
microporous support medium, said small distance
being smaller than the diameter of a droplet of

4,827,780
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to draw a second predetermined amount of rinse

liquid from said wash well into respective pipette

barrels, and
to discharge said rinse liquid into said waste well.
16. The apparatus of claim 14 wherein said translation

and signalling means comprises,

carriage translation means responsive to carriage
translative signals for longitudinally translating
said carriage and said sample plate on said track
means beneath said pipette assembly for operably

translating said plate to at least a sample chamber
position where said sample chambers are beneath
said microsyringe barrels and to an application

position where said microporous support medium
is beneath said microsyringe barrels,

carriage signalling means for generating a sample
chamber carriage position signal when said sample
chambers are beneath said microsyringe barrels,
and an application position signal where said mi-
croporous support medium is beneath said micro-
syringe barrels,

‘mounting plate assembly translating means respon-

sive to up and down mounting plate assembly
translation signals for vertically translating said

translation and signalling means for 23 mounting plate assembly between an upper posi-
moving said carriage longitudinally forward be- tion and a lower position, said upper position being
neath said mounting plate assembly and generat- sufficiently high to lift said microsyringe barrels
ing carriage position signals indicative of said above said plate operably allowing translation‘ of
carriage position, 10 said plate beneath said barrels, said lower position
moving said mounting plate assembly vertically operably allowing insertion of said barrels into said
with respect to said base and generating mount- fluid sample chambers when said plate is in said
ing plate position signals indicative of mounting sample chamber position and operably allowing
plate position, and said barrels to be slightly above said microporous
moving said plunger actuator bar and said plunger support medium v:rhen secured to said lateral appli-
bar vertically with respect to said mounting plate cation space of said plate, |
and generating plunger bar position signals indic- mounting plate signalling means ff)l' generating a
ative of plunger bar position, and mounting plate upper position signal when said
programmed computer means responsive to said car- mounting plate is in said upper position and a
riage position signals, to said mounting plate posi- 44 mounting plate lqwer_ position mg_n.al when said
tion signals and to said plunger bar position signals mounting plate is in said lower position, _
for generating a sequence of control signals to said plunger actuator plate translating means responsive
translation means for translating said carriage, said to up and down plunger actuator plate translation
mounting plate and said plunger bar to aspirate a signals for vertlca_lly translating said plunger actua-
first predetermined amount of liquid from said 45 tor plate and said plunger bar between a lower
sample chambers into said respective pipette bar- position where said m{cro-pll.}ngers are fully within
rels, and to apply a droplet of said liquid samples in said corresponding microsyringe barre!s {0 a sam-
each of said pipette barrels onto corresponding ple upper p051t10111 w%:::re S}?Id _Izlll%m-piungers ﬁe
spaces of said microporous support medium when extenfied ﬁlgga}rd y U dq:g i'al harre > dogera y
placed on said lateral application space of said 50 drawing fluid into said barrels when said 1ips are

immersed in fluid in said sample chamber,

plunger actuator plate signalling means for generat-

ing a plunger bar lower position signal when said
plunger actuator plate and said plunger bar are in
said lower position, and a plunger bar sample upper

liquid sample which may be maintained on the end 55 position signal when said plunger actuator plate
of said tips through surface tension forces of the and said plunger bar are in said sample upper posi-
barrel tips, whereby each droplet slightly touches tion. and

Sald mICTOpOrous support medlm_n and is thereby electrical means for providing signal communication
relieved of its surface tension and is precisely trans- between said programmed digital computer and
ferred to said microporous support medium from 60 said carriage translation means

each of said pipette barrels.

said mounting plate assembly translating means, and

15. The apparatus of claim 14 wherein said sample
plate includes a wash well and a waste well longitudi-
nally spaced from each other and from said sample
chambers, 65

said programmed computer means generating a fur-

ther sequence of control signals to said translation
means before aspirating liquid from said sample
chambers, |

said plunger actuator plate translating means, and for
providing signal communication between said digi-
tal computer and

said carriage signalling means,

said mounting plate signalling means, and

said plunger actuator plate signalling means.

17. The apparatus of claim 16 wherein said digital
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computer means 1ncludes a stored sequence cf instruc-

~ tions for

generating and applymg sald carnage translatlcn
signal to said carriage translation means thereby
translating said carriage to said sample chamber
position and removing said carriage translation
- signal when said sample chamber carnage position
| signal is received, -
~ said programmed digital cemputer means operably
- generating and applying said down mounting plate
~ assembly translation signal to said mounting plate
~assembly translating means thereby translating said
mounting plate assembly from said upper position
to said lower position and removing said mounting
plate assembly translation signal when said mount-
. ing plate lower position signal is received,
said programmed digital computer means cperably
generating and applying said up plunger actuator

10

15

plate translation signal to said plunger actuator

- plate translating means thereby translating said

20

- plungers from said lower position to said sample
- upper position and removing said plunger actuator .

plate translation signal when said plunger bar sam-
- ple upper position signal is received, operably caus-

ing fluid in each of said sample chambers to be

“aspirated into said corresponding barrels,

25

- said programmed digital computer means cperably. |

- generating and applying said up mounting plate

assembly translation signal to said mounting plate

- assembly translating means thereby translating said
mounting plate assembly from said lower position

30

- to said upper position and removing said mounting -

_ plate assembly translation signal when said mount-

- ing plate upper position signal is received,

said programmed digital computer means operably
generating and applying said carriage translation
signal to said carriage translation means thereby
translating said carriage to said application position

- and removing said carriage translation signal when

said application carriage position signal 1s recetved,

| 'sald programmed digital computer means operably

 generating and applying said down mounting plate
assembly translation signal to said mounting plate

- assembly translating means thereby translating said
‘mounting plate assembly from said upper position.

~ to said lower position and removing said mounting
plate assembly translation signal when said mount-

- ing plate lower position signal is received, and
~said programmed digital computer means operably
generating and applying said down plunger actua-
- tor plate translation signal to said plunger actuator
plate translating means thereby translating said

35
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plunger from said sample upper position to said

lower position and removing said plunger actuator
- 55

- plate translation signal when said plunger bar sam
ple lower position signal is received, operably caus-
..ing fluid in each of said barrels to be applied to said

microporous support medium when secured to sald

lateral application space of said plate. |
~ 18. The apparatus of claim 17 wherein
said sample plate further includes

~a wash well and a waste well 10ng1tud1nally spaced '

from each other and from aard sample chambers,

said plunger actuator plate translating means further

“includes a wash upper position, and

65

said plunger actuator plate signalling means further -
- includes means for generating a plunger bar wash

S50

upper position 51gnal when said plunger actuator
plate and said plunger bar are in sard wash upper

pcsmon,
said carriage translation means further includes a

‘wash well position and a rinse well position, and

said carriage signalling means further includes means

for generating a wash well carriage posttion signal
when said wash well is beneath said microsyringe
barrels and a waste well carriage position signal
when said waste well is beneath said microsyringe

barrels,

‘said digital computer means includes a further stored

sequence of instructions for before aspirating liquid
from said sample chambers, | -
generating and applying said carriage translation
signal to said carriage translation means thereby
translating said carriage to said wash well position
and removing said carriage translation signal when
said wash well carriage position signal is received,

said programmed digital computer means operably
generating and applying said down mounting plate
 assembly translation signal to said mounting plate
assembly translating means thereby translating said
mounting plate assembly from said upper position
to said lower position and removing said mounting
plate assembly translation signal when said mount-
ing plate lower position signal is received,

o sard programmed digital computer means operably

- generating and applying said up plunger actuator

plate translation signal to said plunger actuator -

plate translating means thereby translating said

~ plungers from said lower position to said wash

upper position and removing said plunger actuator

- plate translation signal when said plunger bar wash
upper position signal is received, operably causing
fluid in said wash well to be asplrated into said
barrels,

said programmed digital computer means eperably |
generating and applying said up mounting plate
assembly translation signal to said mounting plate

- assembly translating means thereby translating said
mounting plate assembly from said lower position
to said upper position and removing said mounting

plate assembly translation srgnal when said mount-

ing plate upper position signal is received,

._ said programmed digital computer means cperably -

generating and applying said carriage translation
signal to said carriage translation means thereby
translating said carriage to said wash well position
and removing said carriage translation signal when
said wash well carriage position signal is received,

- said programmed digital computer means operably

- generating and applying said down mounting plate -

assembly translation signal to said mounting plate -

assembly translating means thereby translating said
‘mounting plate assembly from said upper position

to satd lower position and removing said mounting

plate assembly translation signal when said mount-
ing plate lower position signal is received,
said programmed digital computer means operably
~ generating and applying said down plunger actua-
tor plate translation signal to said plunger actuator

plate translating means thereby translating said

plunger from said wash upper position to said
lower position and removing said plunger actuator
- plate translation signal when said plunger bar
lower position signal is received, operably causing
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fluid in each of said barrels to be applied to said amount of diluted liquid samples from said dilution
waste well, and wells into said respective pipette barrels.

said programmed digital computer means operably 23. Automatic pipetting apparatus comprising,
generating and applying said up mounting plate a base,
assembly translation signal to said mounting plate 5  track means disposed longitudinally on said base,
assembly translating means thereby translating said a carriage longitudinally movably disposed on said
mounting plate assembly from said lower position track means,
to said upper position and removing said mounting a sample plate removably disposed on said carriage,

plate assembly translation signal when said mount-

ing plate upper position signal is received. 10 ual liquid sample chambers and a lateral application
19. The apparatus of claim 14 wherein said means for space longitudinally separated from said liquid
translating said carriage longitudinally forward and chamber row, said lateral application space
backward beneath said mounting plate assembly com- adapted to receive a miCroporous support medium,
prises said sample chambers adapted to receive sample
a carriage actuating motor fixed to said base, said 1 liquids,
motor having a rotatable output shaft, a pipette frame mounted vertically on said base above
a pinion gear fixed to said output shaft, said carriage and said sample plate, said pipette
a rack gear secured to said carriage, said rack gear frame having vertical mounting posts separated
being in engagement with said pinion gear whereby longitudinally from each other, each of said posts
the output shaft turning of said motor translates 20 secured to said base,
said carriage. a mounting plate assembly slidably guided by said
20. The apparatus of claim 14 wherein said means for posts and disposed late}'ally with respect to said
translating said mounting plate assembly up and down sample plate and including,
with respect to said base comprises a 'mounting plate having slidable guides disposed
a mounting plate actuator motor fixed to said mount- 25 about said posts, -
ing plate, said motor having a rotatable output a barrel bar fixed to said mounting plate,
shaft, a plurality of microsyringe barrels having their
pinion gear means fixed to said output shaft, heads secured in a row of said barrel bar and
a rack gear secured to said base, said rack gear being spaced corresponding to the spacing of said lig-
in engagement with said pinion gear means 30 uid chambers on said plate, said barrels being
whereby the output shaft turning of said mounting hollow with each having a lower tip,
plate actuator motor translates said mounting plate a plunger bar vertically movably disposed above
up or down with respect to said base. said barrel bar and having a plurality of micro-
21. The apparatus of claim 14 wherein said signalling 15 plungers secured t}'lereto, cac h of said micro-
means for generating mounting plate position signals ipﬁunbg;ise;n:fvsa:ﬁjy Ifﬁscl:_gzﬁ?irgl;l;m asdcorrespond-
indicative of mounting plate position includes 5 YIFIESS, :
upper stop means secured to a member secured to a plunger actuator plate_ vertically movablq_e with
said base, re:;-‘.pect to _sald mountu_lg plate and carried by
upper trip switch means secured to said mounting 40 :?:1(:( I::;ﬁf“;’él%op;:itg’ pslaligg:-tﬁgior plate remov-
plate and having a trip arm for engaging said upper : . : ’
stop means for operatively tripping said upper trip translation aqd mgnqllmg means f?r
N : : : moving said carriage longitudinally forward be-
switch means when said mounting plate reaches its b said o o blv and
upper limit of travel peat sai rnounty}g P a'te assemoly an genera_t-
lower stop means secu;'e d to said base. and ing carriage position signals indicative of said
; : > .45 carriage position,
lower trip .SWltCh. fmeans secured 1o Sa.ld mounting moving said mounting plate assembly vertlcally
plate having a trip arm for engaging said lower stop with respect to said base and generating mount-
means for operatively tripping said lower trip ing plate position signals indicative of mounting
switch means when said mounting plate reaches its plate position, and |
lower limit of travel. 50 moving said plunger actuator bar and said plunger
22. The apparatus of claim 14 wherein said sample bar vertically with respect to said mounting plate
plate means further includes a row of individual liquid and generating plunger bar position signals indic-
dilution wellis lqngltudmally spaced from s_aid s:ample ative of plunger bar position, and
chambers, said diluted wells adapted to receive dilution programmed computer means responsive to said car-
11‘1‘-11‘11 1 t " o 33 riage position signals, to said mounting plate posi-
said programmed computer means generaing a ui- tion signals and to said plunger bar position signals
ther sequence of contro_l mgna}s to said 101_181“1‘111131 for generating a sequence of control signals to said .
translation means, to said vertical translation means translation means for translating said carriage, said
and to said translation signalling means for moving mounting plate and said plunger bar to aspirate a
said plunger actuator bar and said plunger bar ver- 60 first predetermined amount of liquid from said
tically with respect to said mounting plate for ap-. sample chambers into said respective pipette bar-
plying said first predetermined amount of liquid rels, and to apply said liquid in each of said pipette
sample in each barrel to said dilution wells, apply- barrels from a position slightly above said micropo-
ing a third predetermined amount of wash liquid rous support medium whereby droplets of said
from each barrel to said dilution wells, mixing the 65 liquid which forms on the tops of said barrels are

combination of said wash liquid and said liquid

sample of said dilution wells, and aspirating an

said sample plate including a lateral row of individ-

transferred from said tips onto corresponding
spaces of said microporous support medium when
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placed on said lateral application space of said
sample plate, and | | -
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_' wherein said sampie plate-includes a wash wellanda

~ waste well longitudinally spaced from each other

and from said sample chambers,

.

said programmed computer means generating a fur-

ther sequence of control signals to said translation

means before aspirating liquid from said sample

chambers, N S
to draw a second predetermined amount of rinse

~ liquid from said wash well into respective pipette

barrels, and | | o
to discharge said rinse liquid into said waste well and
wherein said sample plane includes a longitudinal
‘blotting space for applying a lateral blotting paper

strip, said blotting space longitudinally separated

from said sample chamber row, said wash well,
said waste well and said lateral application space,

and |
said programmed computer means generating a fur-
ther sequence of control signals to said translation
means after discharging said rinse liquid into said
- waste well, T - |
" to blot the tips of said barrels on said blotting paper
 plate includes a raised portion and a lower portion, said
row of individual liquid sample chambers, said wash
well and said waste well being disposed on said raised
portion, said lateral application space and said blotting
space being disposed on said lower portion.

54

28. The apparatuS of claim 27 further comprising a
limit switch means secured to the rear of said carriage at -

a position for engaging the forward end of said plate for
indicating that said plate is in an operative position

- within said carriage.

29. The apparatus of claim 25 wherein said means for

" translating said plunger bar up and down with respect

10
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20

. 24. The apparatus of claim 23 wherein said sample

30

25. The apparatus of claim 23 wherein said sample '

 plate includes a raised portion and a lower portion, said

~ row of individual liqud sample chambers being dis-

‘posed on said raised portion, said lateral application
‘space being disposed on said lower portion.
~ 26. The apparatus of claim 25 wherein
means for generating carriage position signals indicative
~ of carriage position includes - -
" notches disposed thereon, the longitudinal separa-
tion of said notches corresponding to the longitudi-
~ nal position of said wash well, said waste well, said
" longitudinal blotting space, said sample chambers
~ and said lateral application space, |

said signalling

to said mounting plate comprises | _

a plunger plate motor fixed to said mounting plate,
said motor having a rotatable output shaft,
pinion gear means fixed to said output shaft,

rack gear means fixed to said plunger actuator plate,

said rack gear being in engagement with said pinion

gear means whereby the output shaft turning of

- said plunger actuator plate motor translates said

“actuator plate and said plunger bar up or down. o

with respect to said mounting plate.

30. The apparatus of claim 29 wherein

said plunger actuator plate motor is fixed to the rear
side of said mounting plate, | -

- gaid mounting plate includes two vertically plunger
actuator plate guides with vertical grooves pro-
vided therein, said guides being fixed to the for-

 ward side of said mounting plate, :

said plunger actuator plate is slidingly disposed .

~ within said vertical grooves oOn said mounting
plate, | | |

~ said mounting plate
_said rack gear means fixed to said

plate extend from said plunger _

the forward side of said mounting plate to said
pinion gear means fixed to said output shaft of said |

- plunger actuator plate motor on the rear side of

~ said mounting plate. S S
'31. The apparatus of claim 29 wherein said signalling -

has vertical slots therein, and
plunger actuator
actuator plate on

" means for generating plunger bar position signals indic-

id curringe having a first longitudinal surface with

45

‘a first trip switch secured to said track means on
‘which said carriage moves, said switch having a

~ first spring forced

‘when said roller is forced into a notch, operatively
~ indicating that said wash well or said waste well or
~ said longitudinal blotting space, or said sample

chambers, or said lateral application space is be-
| 55

26 wherein said signalling

age position signals indicative -

" neath said microsyringe barrels.

~ 27. The apparatus of claim
" means for generating carrl
of carriage position includes
said carriage having a second
- with at least one notch

~ forward end of said carriage,

roller means for engaging said

longitudinal surface whereby said switch is tripped s

longitudinal surface
disposed thereon near the

“a'second trip, switch secured to said track on which

~ said carriage moves, said second switch having a

- second spring forced roller means for engaging
said second longitudinal surface whereby said

65

switch is tripped when said second roller means 18

- forced into said notch operatively indicating that
said carriage has reached its rearward limit of
travel.. | | |

| ~ ative of plunger bar position includes - |
~ application cam means vertically adjustable on a ver-

" tical shaft secured to said plunger actuator plate,
wash cam means vertically adjustable on a vertical
shaft secured to said plunger actuator plate,

plate and having a trip arm for engaging said appli-
cation cam means for operatively tripping said first
~ trip switch means when said plunger actuator plate
" reaches an upper application position, and opera-
tively tripping said first trip switch means when
" said plunger actuator plate reaches an upper wash
position, | | o -
lower cam means vertically adjustable on a vertical
shaft secured to said plunger actuator plate, and
~ asecond trip switch means secured to said mounting
plate and having a trip arm for engaging said down
cam means for operatively tripping said second trip
means when said plunger actuator plate reaches its
lower limit of travel. - .
32, Automatic pipetting apparatus comprising,
 a base, | S |
" track means disposed longitudinally on said base,
a carriage longitudinally movably
" track means, - o
a sample plate removably disposed on said carriage,
“said sample plate including a lateral row of individ-
ual liquid sample chambers and a lateral application
space longitudinally separated from said liquid
chamber row, said lateral application space
~ adapted to receive '
said sample chambers adapted to receive sample
liquids, | - -

" a first trip switch means secured to said mounting

disposed on said

a microporous support medium, '
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a pipette frame mounted vertically on said base above
said carriage and said sample plate, said pipette
frame having vertical mounting posts separated
longitudinally from each other, each of said posts
secured to said base,

a mounting plate assembly slidably guided by said
posts and disposed laterally with respect to said
sample plate and including,

a mounting plate having slidable guides disposed
about said posts,

a barrel bar fixed to said mounting plate,

a plurality of microsyringe barrels having their
heads secured in a row in said barrel bar and
spaced corresponding to the spacing of said lig-
uid chambers on said plate, said barrels being
hollow with each having a lower tip,

a plunger bar vertically movably disposed above
said barrel bar and having a plurality of micro-
plungers secured thereto, each of said micro-

10

15

plungers movably disposed within a correspond- 20

ing barrel of said microsyringes, and
a plunger actuator plate vertically movable with
respect to said mounting plate and carried by

sald mounting plate, said actuator plate remov-

ably secured to said plunger bar,
translation and signalling means for

moving said carriage longitudinally forward be-
neath said mounting plate assembly and generat-
ing carriage position signals indicative of said
carriage position,

moving said mounting plate assembly vertically
with respect to said base and generating mount-

ing plate position signals indicative of mounting

plate position, and

moving said plunger actuator bar and said plunger

bar vertically with respect to said mounting plate
and generating plunger bar position signals indic-
ative of plunger bar position, and
programmed computer means responsive to said car-
riage position signals, to said mounting plate posi-
tion signals and to said plunger bar position signals
for generating a sequence of control signals to said
translation means for translating said carriage, said
mounting plate and said plunger bar to aspirate a
first predetermined amount of liquid from said
sample chambers into said respective pipette bar-
rels, and to apply said liquid in each of said pipette
barrels from a position slightly above said micropo-
rous support medium whereby droplets of said
liquid which forms on the tops of said barrels are
transferred from said tips onto corresponding
spaces of said microporous support medium when
placed on said lateral application space of said
sample plate,
wherein said translation and signalling means com-
prises, ‘
carriage translation means responsive to carriage
translative signals for longitudinally translating
said carriage and said sample plate on said track
means beneath said pipette assembly for operably
translating said ‘plate to at least a sample chamber
position where said sample chambers are beneath
sald microsyringe barrels and to an application
position where said microporous support medium
1S beneath said microsyringe barrels,
carriage signalling means for generating a sample
chamber carriage position signal when said sample
chambers are beneath said microsyringe barrels,
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and an application position signal where said mi-
croporous support medium is beneath said micro-
syringe barrels, +

mounting plate assembly translating means respon-
sive to up and down mounting plate assembly
translation signals for vertically translating said
mounting plate assembly between an upper posi-
tion and a lower position, said upper position being
sufficiently high to lift said microsyringe barrels
above said plate operably allowing translation of
said plate beneath said barrels, said lower position
operably allowing insertion of said barrels into said
fluid sample chambers when said plate is in said
sample chamber position and operably allowing
said barrels to be slightly above said microporous
support medium when secured to said lateral appli-
cation space of said plate,

mounting plate signalling means for generating a
mounting plate upper position signal when said
mounting plate is in said upper position and a
mounting plate lower position signal when said
mounting plate is in said lower position,

plunger actuator plate translating means responsive
to up and down plunger actuator plate translation
signals for vertically translating said plunger actua-
tor plate and said plunger bar between a lower
position where said micro-plungers are fully within
said corresponding microsyringe barrels to a sam-
ple upper position where said micro-plungers are
extended upwardly through said barrels operably
drawing fluid into said barrels when said tips are
immersed in fluid in said sample chamber,

plunger actuator plate signalling means for generat-
ing a plunger bar lower position signal when said
plunger actuator plate and said plunger bar are in
said lower position, and a plunger bar sample upper
position signal when said plunger actuator plate
and said plunger bar are in said sample upper posi-
tion, and

electrical means for providing signal communication
between said programmed digital computer and

said carriage translation means,

said mounting plate assembly translating means, and

said plunger actuator plate translating means, and for
providing signal communication between said digi-
tal computer and

said carriage signalling means,

said mounting plate signalling means, and

said plunger actuator plate signalling means,

wherein said digital computer means includes a
stored sequence of instructions for

generating and applying said carriage translation
signal to said carriage translation means thereby
translating said carriage to said sample chamber
position and removing said carriage translation
signal when said sample chamber carriage position
signal is received,

said programmed digital computer means operably
generating and applying said down mounting plate
assembly translation signal to said mounting plate
assembly translating means thereby translating said
mounting plate assembly from said upper position
and said lower position and removing said mount-
ing plate assembly transiation signal when said
‘mounting plate lower position signal is received,

said programmed digital computer means operably
generating and applying said up plunger actuator
plate translation signal to said plunger actuator
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plate- translating means thereby translating said

plungers from said lower position to said sample

~ upper position and removing said plunger actuator -
plate translation signal when said plunger bar sam-

- ple upper position signal is received, operably caus-
‘ing fluid in each of said sample chambers to be
aspirated into said corresponding barrels,

said programmed digital computer means operably |

‘generating and applying said up mounting plate
assembly translation signal to said mounting plate
assembly translating means thereby translating said

mounting plate assembly from said lower position

" to said upper position and removing said mounting
plate assembly translation signal when said mount-
ing plate upper position signal is received,

said programmed digital computer means operably

generating and applying said carriage translation

signal to said carriage translation means thereby
- translating said carriage to said application position
- and removing said carriage translation signal when

10
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said application carriage position signal is received,

‘said programmed digital computer means operably

generating and applying said down mounting plate

~ assembly translation signal to said mounting plate
~ assembly translating means thereby translating said
" mounting plate assembly from said upper position
to said lower position and removing said mounting

25

B plate assembly translation signal when said mount-

~ ing plate lower position signal is received, and

said programmed digital computer means operably

30

generating and applying said down plunger actua-

tor plate translation signal to said plunger actuator

plate translating means thereby translating. said

plunger from said sample upper position to said
- lower position and removing said plunger actuator
plate translation signal when said plunger bar sam-

ple lower position signal is received, operably caus-

ing fluid in each of said barrels to be applied to said
microporous support medium when secured to said
lateral application space of said plate, |
wherein said sample plate further includes

35

a wash well and a waste well longitudinally 'spaced |
from each other and from said sample chambers,

and | |

said plunger actuator plate translating means further

~ includes a wash upper position, and |

~ said plunger actuator plate signalling means further
includes means for generating a plunger bar wash
upper position signal when said plunger actuator
plate and said plunger bar are in said wash upper

- position, - |

said carriage translation means further includes a

wash well position and a rinse well position, and

said carriage signalling means further includes means

for generating a wash well carriage position signal
when said wash well is beneath said microsyringe

barrels and a waste well carriage position signal

43
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when said waste well is beneath said microsyringe

barrels, | | | |
said digital computer means includes a further stored
~ sequence of instructions for before aspirating liquid
~ from said sample chambers,
‘generating and applying said carriage translation

signal to said carriage translation means thereby

translating said carriage to said wash well position
and removing said carriage translation signal when
said wash well carriage position signal is received,

65

- said programmed digital computer means operably

- generating and applying said down mounting plate

| 58 |
‘assembly translation signal to said mounting plate
~ assembly translating means thereby translating said
mounting plate assembly from said upper position
~ to said lower position and removing said mounting
plate assembly translation signal when said mount-
 ing plate lower position signal is received, |
said programmed digital computer means operably
generating and applying said up plunger actuator
plate translation signal to said plunger actuator
‘plate translating means thereby translating said
plungers from said lower position to said wash
upper position and removing said plunger actuator
plate translation signal when said plunger bar wash
_upper position signal is received, operably causing
fluid in said wash well to be aspirated into said
barrels, |

said programmed digital computer means operably

- generating and applying said up mounting plate
assembly translation signal to said mounting plate
~ assembly translating means thereby translating said
mounting plate assembly from said lower position
to said upper position and removing said mounting
~ plate assembly translation signal when said mount-
ing plate upper position signal is received, |
said programmed digital computer means operably
generating and applying said carriage translation
signal to said carriage translation means thereby
translating said carriage to said wash well position

~ and removing said carriage translation signal when

said wash well carriage position signal is received,

~ said programmed digital computer means operably

generating and applying said down mounting plate
assembly translation signal to said mounting plate
assembly translating means thereby translating said
mounting plate assembly from said upper position
to said lower position and removing said mounting
plate assembly translation signal when said mount-
ing plate lower position signal is received,
said programmed digital computer means operably
generating and applying said down plunger actua-
tor plate translation signal to said plunger actuator
‘plate translating means thereby translating said
plunger from said wash upper position to said

 lower position and removing said plunger actuator

plate translation signal when said plunger bar
lower position signal is received, operably causing
~ fluid in each of said barrels to be applied to said
- waste well, and | |
said programmed digital computer means operably
generating and applying said up mounting plate
assembly translation signal to said mounting plate
assembly translating means thereby translating said
mounting plate assembly from said lower position
to said upper position and removing said mounting
plate assembly translation signal when said mount-
ing plate upper position signal is received, and
wherein

“said sample plate further includes a blotting space for

applying a lateral blotting paper strip, said blotting
~ space longitudinally separated from said sample
chamber row, said wash well, said waste well and
said lateral application space, | |
said carriage translation means further includes a
blotting position, and | |
said carriage signalling means further includes means
for generating a blotting carriage position signal
‘'when said blotting space is beneath said microsyr-
inge barrels, | |
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said digital computer means includes a further stored
sequence of instructions for after discharging said
rinse liquid to said waste well,

generating and applying said carriage translation
signal to said carriage translation means thereby
translating said carriage to said blotting position

and removing said carriage translation signal when

said blotting carriage position is received,

said programmed digital computer means operably
generating and applying said down mounting plate
assembly translation signal to said mounting plate
assembly translating means thereby translating said
mounting plate assembly from said upper position
to said lower position and removing said mounting
plate assembly translation signal when said mount-
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ing plate lower position signal is received, whereby
said barrel tips are blotted when said blotting paper
is disposed on said blotting space, and

said digital computer means includes a further stored

sequence of instructions for

said programmed digital computer means operably

generating and applying said up mounting plate
assembly translation signal to said mounting plate
assembly translating means thereby translating said
mounting plate assembly from said lower position
to said upper position and removing said mounting
plate assembly translation signal when said mount-
ing plate upper position signal is received.

* X X % %
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